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PREFACE  TO  THE  ORIGINAL  EDITION. 

The  title  "Clinical  Methods"  probably  describes 
the  scope  of  this  book  better  than  any  other.  It  is 
not  intended  as  a  treatise  upon  medical  dia^rnosis. 
On  that  subject  there  is  already  a  sufficiency  of  good 
works  in  existence.  It  aims  rather  at  describing 
those  methods  of  clinical  investigation  by  the  proper 
application  of  which  a  correct  diagnosis  can  alone  be 
arrived  at.  To  every  student  when  he  first  begins 
work  in  a  medical  ward  the  question  presents  itself  : 
How  shall  I  investigate  this  case  ?  To  that  question 
the  present  work  is  intended  to  provide  an  answer. 
The  first  chapter  deals,  therefore,  with  the  methods 
of  case-taking  in  general,  and  includes  a  general 
scheme  for  the  investigation  of  medical  cases.  The 
rest  of  the  book  is  really  an  expansion  of  that  schema, 
each  system  being  taken  up  se|)arately,  and  the 
methods  of  investigating  it  descrilied  in  detail. 

A  special  chapter  has  been  devoted  to  the  clinical 
methods  of  examining  children,  as  these  differ  in 
many  respects  from  those  employed  in  the  ca*»e  of 
adults.  Chapters  have  also  Ijeen  added  on  the  ex- 
amination of  Pathological  Fluids  and  on  Clinical 
Bacteriology,  subjects  which  are  daily  growing  in 
importance.  The  methods  employed  in  the  inventi- 
gation  of  surgical,  gynaecological,  or  obstetric  cas^s 
do  not  fall  within  the  scope  of  the  work. 

No  effort  has   been   spared   to   make   the   Ux>k 
thoroughly  up  to  date,  and  it  is  hoped,  therefore,  that 
it  will  be  found  useful  by  those  practitioners  who  r 
wisli  to  make  themselves  acquainted  with  the  ) 
methods  of  clinical  investigation.     While  the  "^ 
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book  has  passed  through  the  hands  of  both  of  us,  yet 
each  has  made  himself  specially  responsible  for  cer- 
tain parts.  Tims  Dr.  Rainy  has  written  Chapters 
II.,  IV.,  VI.,  and  XIV.,  the  sections  on  the  electrical 
examination  of  muscles  and  nerves,  on  the  parasites 
of  the  alimentary  tract,  and  on  the  microscopical  ex- 
amination of  the  urine.  The  rest  of  the  work  is  from 
the  pen  of  Dr.  Hutchison. 

In  order  to  avoid  burdening  the  text,  but  few 
references  have  been  given  to  authorities  and  original 
sources.  We  should  like,  however,  to  take  this  oppor- 
tunity of  acknowledging  the  help  which  we  have 
received  from  various  friends.  Amongst  these  are 
Drs.  Alex.  Bruce,  R.  W.  Philip,  G.  Lovell  Gulland, 
and  John  Thomson,  who  have  helped  us  with  criticism 
and  advice  in  the  preparation  of  Chapters  IV.  and 
IX.,  VI.,  v.,  and  XII.  respectively.  We  have  also 
to  thank  Dr.  Patrick  Manson,  Dr.  Byrom  Bramwell, 
Dr.  J.  Purves  Stewart,  and  Prof.  Symington  for  the 
use  of  specimens  and  illustrations,  and  Dr.  T.  F. 
Milroy  for  assistance  in  the  revision  of  proofs.  To 
Dr.  R.  J.  M.  Buchanan  we  are  specially  indebted  for 
preparing  the  drawings  illustrating  the  microscopical 
examination  of  the  blood. 

R  H. 

IL  R. 
September,  1897. 


PREFACE  TO  THE  SECOND  EDITION. 

Whilst  the  general  plan  of  this  manual  remains 
unchanged,  we  have  taken  advantage  of  the  call  for 
a  new  edition  to  revise  it  thoroughly,  and,  as  far  as 
possible,  to  bring  it  up  to  date.  Several  new  figures 
have  also  been  introduced. 

Many  methods  which  have  been  recently  pro- 
posed are  not  included  in  the  volume ;  some 
because  they  have  not  yet  been  sufficiently  proved ; 
others — and  this  holds  true  especially  of  chemical 
analyses — because  they  are  too  complicated  for 
clinical  use  where  simpler,  though  less  accurate, 
procedures  suffice. 

The  chief  alterations  of  this  edition  will  be  found 
in  Chapters  V.,  IX.,  and  XIV.,  of  which  many  parts 
have  been  entirely  rewritten ;  but  in  almost  every 
chapter  some  changes  have  been  made.  The  index 
has  also  been  considerably  improved  by  the  kind 
assistance  of  Mr.  Hewitt. 

In  addition  to  those  whose  help  has  been  already 
acknowledged,  we  desire  to  thank  Professor  Wyllie 
and  Drs.  Edwin  Bramwell,  Henry  Head,  and  Stuart 
McDonald  for  much  valuable  advice  during  our  work 
of  revision. 

XV.  H. 

H.  xi. 
March,  1902. 
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CHAPTER    I. 

Case-taking. 

There  can  be  no  question  of  the  value  of  accurate 
and  systematic  case-taking.  It  trains  the  beginner  in 
habits  of  thoroughness  and  exactness  at  the  bedside, 
and  ensures  that  no  point  of  importance  in  the  case  is 
missed.  To  the  more  experienced  clinician  the  sys- 
tematic record  of  cases  is  of  no  less  value.  It  gives 
to  his  experience  a  concrete  embodiment,  so  that  he 
can  draw  upon  it  at  any  future  time  by  the  comparison 
of  new  cases  with  old,  and  so  enables  him  gradually  to 
build  up  his  clinical  knowledge  upon  a  sure  foundation. 
When  we  come  to  the  method  to  be  pursued  in  taking 
a  case,  however,  it  is  a  question  of  "  quot  hominea^  tot 
sententiceJ^  Almost'  every  clinical  teacher  has  his  own 
particular  plan  for  investigating  and  recording  a  case. 
!N^or  is  it  of  so  much  importance  what  particular  method 
one  adopts,  provided  he  adheres  to  it.  Every  good 
method  of  case-taking  should  be  both  comprehensive 
and  concise.  It  should  be  comprehensive,  so  as  to  be 
capable  of  being  applied  to  every  case  and  of  covering 
all  the  points  in  it ;  it  should  be  concise,  so  as  to  pre- 
sent all  the  important  features  of  a  case  in  as  small 
a  compass  as  possible.  The  question  of  conciseness  is 
of  very  great  importance.  Nothing  is  more  annoying 
than  to  be  obliged  to  wade  through  a  mass  of  verbiage 
in  order  to  get  at  the  chief  facts  of  a  particular  case. 
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2  Case-taking, 

Tlie  student  should  practise  tlie  art  of  focussing  a  case 
in  such  a  way  as  to  present  its  leading  features  in  a 
few  sentences.  For  this  object  the  writing  of  reswinis 
of  cases  will  be  found  a  useful  exercise.  He  should 
also  avoid  lengthy  verbal  descriptions  as  far  as  possible, 
especially  where  the  facts  admit  of  graphic  repre- 
sentation. The  outline  diagrams  now  supplied  by 
Messrs.  Lewis,  Danielsson,  and  others  will  be  found 
useful  aids  in  this  respect.  Physical  signs  can  be 
filled  in  on  them  by  means  of  conventional  symbols. 

We  have  appended  to  this  chapter  a  scheme  of 
case-taking  which  meets  all  necessary  requirements. 
At  the  same  time,  it  must  be  used,  like  all  such 
schemes,  with  some  judgment  and  elasticity.  All  the 
points  mentioned  need  not  be  minutely  inquired  into 
in  each  individual  case.  For  example,  if  a  patient  is 
suffering  from  advanced  cardiac  disease,  there  is  no 
use  in  writing  a  minute  description  of-  the  state  of  his 
teeth.  Yet  that  is  the  kind  of  error  into  which  be- 
ginners not  unfrequently  fall.  Of  course,  it  demands 
some  experience  to  enable  one  to  say  what  are  the 
points  which  it  is  of  importance  to  inquire  into  in 
any  particular  case,  and  at  first  one  may  sometimes 
be  at  fault ;  but  the  application  of  a  little  common- 
sense  will  ensure  the  avoidance  of  any  gross  blunders. 

The  "  taking  "  of  any  case  consists  of  two  parts — 

I.  The  interrog^ation  of  the  patient* 

II.  The  physical  examination. 

I.  The   object  of   the    interrogation    of  tlie 

patient  is  to  elicit  information  regarding  his  present 
illness  and  the  state  of  his  previous  health  and  that 
of  his  family.  The  interrogation  must  be  pursued 
with  ])ationce,  the  patient  being  allowed,  as  far  as 
possible,  to  tell  his  story  in  his  own  words.  'JVo  good 
rules  should  l)e  reineml)ered  —  first,  to  avoid  lead- 
ing questions ;   and,  secondly,  never  to  ask  the  same 
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question  twice.  The  use  of  leading  questions  is  only 
occasionally  allowable,  as,  for  instance,  when  one 
suspects  that  he  has  to  do  with  a  case  of  malingering, 
when  one  may  get  the  patient  to  assert  the  existence 
of  contradictory  symptoms,  so  confirming  one's  sus- 
picions. It  may  also  be  necessary  in  dealing  with 
patients  who  are  stupid  either  by  nature  or  as  the 
result  of  disease.  When  one  is  trying  to  elicit  what 
are  known  as  "  subjective  symptoms,"  the  use  of  lead- 
ing questions  may  also  be  admissible.  It  is  important 
to  avoid  asking  the  same  question  twice,  because  to  do 
so  looks  careless,  and  conveys  to  the  patient  the  im- 
pression of  taking  but  a  languid  interest  in  his  case.* 

We  may  proceed  now  to  go  more  into  detail  re- 
garding the  questions  which  should  bo  asked.  In 
doing  so,  we  shall  consider  first  the  questions  which 
one  has  to  put  in  every  case — what  one  may  call  the 
general  interrogation — and  then  we  shall  take  up  the 
questions  which  have  to  be  put  in  examining  cases  of 
disease  affecting  the  diflferent  systems  or  organs ;  this 
may  be  called  the  special  interrogation, 

1.  Oeneral  interrog^ation. — Begin  by  ascer- 
taining the  patient's  name,  age,  occupation,  and 
whether  he  is  married  or  single.  It  is  also  of  im- 
portance to  note  his  exact  postal  address  for  purposes 
of  future  communication. 

Two  important  questions  then  follow — (1)  Of  what 
does  he  complain  ?  t  (2)  How  long  have  the  symptoms 
been  present  ]  Having  thus  defined  his  complaint  and 
its  duration,  proceed  to  ascertain  the  chief  facts  in  his 
history. 

*  When  one  has  to  deal  with  a  patient  who  is  very  deaf  it 
will  often  be  found  convenient  to  use  a  binaural  stethoscope  as  a 
speaking  trumpet,  the  ear  pieces  being  placed  in  the  patient's  ears 
while  one  speaks  into  the  chest  piece. 

t  It  is  a  mistake  to  ask  *•  What  is  the  matter?  *'  as  this  lays 
one  open  to  the  retort  that  that  is  what  the  patient  came  to  find 
out. 
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The  most  logical  plan  is  to  take  ^\Qfaviily  history 
fii*st.*  It  is  usually  sufficient  to  inquire  regard- 
ing the  state  of  health  or  cause  of  death  of  the 
immediate  relatives  only — the  parents,  brothers  and 
sisters,  and,  if  the  patient  be  married,  of  his  own 
children,  if  he  has  any.  These  facts  tell  us  whether 
he  is  predisposed  by  heredity  to  any  particular 
disease. 

One  may  then  pass  to  his  personal  hihtory.  Here 
it  ic  well  to  begin  with  what  may  be  grouped  together 
as  the  patient's  environment,  or  surroundings  and 
habits.  This  includes  inquiry  into  (a)  the  exact  nature 
of  his  occupation,  and  whether  or  not  it  exposes  him 
to  injurious  influences ;  (6)  his  home  surroundings, 
their  sanitary  condition  or  otherwise  ;  (c)  the  amount 
of  exercise  he  takes  ;  (d)  the  nature  of  his  food,  and 
the  amount  of  his  indulgence  in  such  articles  as  alcohol, 
tea,  and  tobacco,  t  Regarding  alcohol,  it  is  important 
to  ascertain  not  merely  how  much — e.g.  how  many 
glasses  of  spirits  per  day — the  patient  takes,  but  how 
and  when  he  consumes  it — e.g.  with  or  between  moal.s. 
The  kind  of  tobacco  he  smokes  and  the  number  of 
ounces  consumed  per  week  may  rojjuire  to  be  ascer- 
tained in  some  cases,  (e)  One  should  always  ascertain, 
lastly,  whether  or  not  he  has  ever  lived  abroad,  and, 
if  so,  in  what  part  of  the  world. 

The  information  thus  acquired  enables  one  to  add 
to  the  tendencies  to  disease  which  the  patient  has  in- 
herited, those  which  he  has  acquired  from  his  environ- 
ment and  personal  habits. 

One    should    take    up  next   the  question  of    the 

*  This  statement  Is  j)erfectly  true  in  theory,  but  in  jjractice  it 
is  1  erlijij)s  more  convenient  to  begin  with  the  history  of  the  i)re- 
B<>nt  ilbiess,  to  pans  from  that  to  an  inquiry  into  the  patient*8 
previous  healtli,  and  from  thence  to  the  family  history. 

t  When  inquiri'  g  into  a  patient's  habits  of  life  it  will  often  be 
fouuil  advantageous,  paiticularly  in  private  practice,  to  ask  hiio 
t^  give  a  brief  account  of  a  typical  day. 
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patient's  'previous  liealth.  Ascertain  what  illnesses 
he  has  had,  when  he  had  them,  their  din-ation,  and 
whether  or  not  his  I'ecovery  from  them  was  complete. 
It  is  usually  necessary  to  inquire  directly  aa  to 
whether  or  not  the  patient  has  ever  had  syjihilis.  It 
is  not  sufficient  to  ascertain  that  he  has  had  a  sore  ; 
the  question  of  secondary  symptoms — e,g,  rash — must 
also  be  gone  into.  If  the  patient  denies  syphilis,  it 
may  be  necessary  to  ask  whether  or  not  he  lias  ever 
been  exposed  to  the  risk  of  it,  and  whether  or  not  he 
has  had  any  other  venereal  disease.  In  the  case  of 
female  patients,  information  regarding  venereal  disease 
should,  as  far  as  possible,  be  obtained  indirectly, 
direct  interrogation  on  the  subject  being  employed 
only  when  a  definite  history  is  absolutely  necessary 
for  the  elucidation  of  the  case..  The  student  need 
hardly  be  reminded  that  even  under  these  circum- 
stances his  questions  should  be  put  as  delicately  as 
possible. 

Having  now  ascertained  the  patient's  inherited 
and  acquired  tendencies,  and  the  seeds  of  disease 
which  may  have  been  sown  in  him  by  his  previous 
illnesses,  we  are  ready  to  acquire  information  re- 
garding his  present  disorder. 

Ask  how  and  when  it  began,  whether  suddenly  or 
gradually  ;  what  was  the  first  thihg  he  noticed  wrong  \ 
what  has  been  the  order  of  appearance  of  his  symp- 
toms, and  which  are  those  that  chiefly  trouble  him 
at  the  present  time.  Ascertain  whether  or  not  he  has 
already  been  under  treatment,  and,  if  so,  what  has 
been  done  for  him. 

This  exhausts  the  general  interrogation,  and  in- 
cludes the  chief  facts  that  have  to  be  inquired  into 
in  every  case. 

2.  The  special  interrog^ation,  to  which  we  have 
already  leferred,  must  be  modified  according  to  the 
particular  organ  which  is  believed  to  be  affected  and 


6  Case-taking, 

the  nature  of  the  disease  of  which  it  is  suspected  to 
be  the  seat.  It  is  here  that  the  student  has  most 
diliiculty.  It  is  only  by  experience  that  one  can  tell 
what  it  is  essential  to  ask  in  each  individual  casa  In 
order  to  help  the  beginner,  however,  we  have  drawn 
up  ft)r  his  guidance  a  scheme  of  interrogation  which 
ho  can  [tursue  when  he  has  reason  to  suppose  that  the 
patient's  general  symptoms  point  to  an  affection  of 
any  particular  system  or  organ.  Such  a  scheme  is 
necessarily  very  far  from  complete,  and  may  require 
to  be  supplemented  in  individual  cases.  Nor  is  one 
able  in  such  a  work  as  this  to  explain  why  such  and 
such  questions  should  be  put  in  atfections  of  this  or 
that  organ  or  system.  The  reasons  for  the  questions 
the  studeut  will  find  out  for  himself  in  due  time.  Our 
present  object  is  merely  to  help  him  in  the  interroga- 
tion of  his  earlier  cases,  so  tliat  he  may  not  miss  any 
important  facts.  The  questions  are  to  a  considerable 
extent  concerned  with  eliciting  what  are  sometimes 
spoken  of  as  "  subjective  symptoms  " — i.e.  the  morbid 
sensations  experienced  by  a  patient  as  the  result  of 
the  disease  of  some  organ  or  system. 

In  making  the  notes,  these,  along  with  the  other 
replies,  should  be  entered  under  the  special  system  to 
which  they  refer. 

1.  Alimentary  system  and  abdomen.''*' 

(a)  Symptoms  point  to  an  atfection  of  the  stomach. 

Ini|uire  regarding — 

Appetite.— \»  it  excessive,  dimiiiishod,  or  capricious  P  Does 
it  iiH'ie  ISO  on  catinu^  P     Dues  iie  suffer  from  thirst  P 

Meals. — Arrungement  of  these;  the  nature  of  the  food. 
Does  ho  eat  between  meals  P 

*  While  the  methods  of  gynecological  examination  are  Iwyond 
the  scope  of  this  book,  yet  it  must  not  be  forgotten  that  it  is 
^"^quently  necessary  in  purely  medical  cases  to  inc^uiro  regarding 
menstrual  function.  The  cases  in  which  such  inquiry  may  be 
t^fed  are  too  diverse  to  be  enumerated  here.  It  need  hardly 
•id  that  the  necessary  questions  should  not  bo  abruptly  put 
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Sensations  referred  to  stomach. — Their  nature,  and  whore 
exactly  they  are  felt.  Their  relation  to  the  taking  of  food ; 
are  they  produced  or  relieved  hy  it  ?  How  long  after  food  do 
they  come  on  ?  Are  they  specially  influenced  by  different 
kinds  of  food  Y 

Vomiting. — Frequency  and  time  of;  by  day  or  by  night; 
in  tho  morning  or  in  the  evening.  Its  relation  to  food  ;  is  it 
only  after  food,  or  does  it  occur  at  other  times  ?  Its  relation 
to  pain ;  does  it  relieve  pain  or  not  ?  Does  pritiert  strain  and 
retch  much,  or  does  the  vomited  matter  como  up  quite  easily? 

General  characters  of  vomited  matter, — Its  amount  and 
colour.  Is  there  ever  "  coffee-grounds  **  vomiting ;  is  it  eve: 
Bour  and  frothy  ? 

Eructations, — Presence  or  absence ;  have  they  any  taste  ? 

Flatulence. — Presence  or  absence;  after  food  only  or 
between  meals  P  Relation  to  parLicular  articles  of  food.  Dol'S 
it  tend  to  escape  downwards  or  upwards  P 

State  of  the  bowels. — How  often  are  they  opened  P  Any 
specisd  characters  of  the  motions. 

(6)  Symptoms  point  to  an  affection  of  the  intes- 
tines.    Inquire  regarding — 

Diarrh(Ba,—liB  frequency  and  its  relation  to  meals  or  to 
special  articles  of  food.  Character  of  the  motions,  lias  he 
ever  passed  any  blood  or  slime  ?  Is  there  any  stmining  or 
tenesmus  during  defaecation  ?    Is  there  any  flatulence  ? 

Constipation, — What  is  his  usual  habit?  are  the  bowels 
opened  regularly,  and  if  so,  how  often  P  How  long  since  the 
last  motion  P    Has  he  ever  noticed  any  grooving  or  flattening 

to  the  patient,  but  should  be  delicately  led  up  to.  Having  in- 
quired regarding  the  regularity  of  the  bowels,  one  may  ask  if  the 
patient  is  '*  regular  in  her  own  health,"  or  "  regular  in  her  unwell 
times."  It  will  be  remembered  that  in  a  majority  of  cases 
menstruation  recurs  every  twenty -eight  days,  but  the  intervals 
may  be  longer  or  shorter  according  to  the  patient's  habit.  If 
menstruation  has  ceased,  one  must  inquire  how  long  it  has  been 
absent.  Normally  the  cessation  of  menstruation,  or  menopause, 
should  not  occur  till  about  the  forty-fifth  year.  It  is  also  neces- 
sary to  inquire  whether  the  patient  is  losing  more  or  less  blood 
than  usual.  This  is  specially  indicated  in  cases  of  anaemia.  If 
the  menstrual  flow  lasts  for  less  than  two  or  more  than  eight  days, 
it  is  to  be  regarded  as  abnormal.  The  presence  or  absence  of 
pain  at  the  period  is  also  a  point  of  some  importance.  The  age 
at  which  menstruation  began,  and  the  occurrence  or  not  of  inter- 
menstrual leucorrhoea  ("white  discharge")  must  sometimes  be 
inquired  into. 
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of  the  motions  ?    Does  the  coastipution  alternate  with  diar- 
rhoea ?    Has  he  any  griping  p  lin  ?    Has  ho  had  any  vomiting  ? 
Tain. — Character;  persistent  or  intermittent.     Where  is  it 
felt  worst  ?    Is  it  relieved  or  aggravated  by  pressure  ? 

(c)  Symptoms  point  to  an  affection  of  the  liver 
— e.g,  patient  is  jaundiced,  or  has  pain  in  region  of 
liver.     Inquire  regarding — 

Paiw.— Its  site.  Has  he  over  any  attacks  of  very  severe 
pain,  coming  on  suddenly  and  lasting  for  a  few  hours  ?  If  so, 
did  the  pain  radiate,  and  in  what  direction  ?  Was  there  vomit- 
ing with  it  ?  Was  he  yellow  at  all  after  it  subsided  ?  Has  he 
ever  pain  in  the  tip  of  the  shoulder  ? 

Does  he  suffer  from  piles  ? 

Does  he  ever  vomit  blood  ? 

Has  he  noticed  any  change  in  the  colour  of  the  urine  or 
faeces  ? 

Does  his  skin  itch  at  all  (if  he  is  jaundiced)  ?  Inquire  also 
regarding  his  digestion  on  the  lines  or  the  interrogation  already 
laid  down  for  affections  of  the  stomach. 

2.  The  symptoms  point  to  an  affection  of  the 
circulatory  system* 

Inquire  regarding — 

K  family  history  of  gout,  rheumatism,  angina,  apoplexy,  or 
heart  disease. 

A  personal  history  of  rheumatic  fever,  St.  Vitus'  dance, 
sc'irlatina,  or  diphtheria.  (If  a  child,  ask  also  about  sore 
throats  and  *' growing  pains.") 

Tlie  following  subjective  sensations: — 

Dynpwra. — lias  he  to  sit  up  in  bed,  or  can  ho  sleep  lyinq; 
down  't  When  does  it  ome  on  ?  Prfecordial  pain  or  distress; 
its  exact  site  and  character  ;  does  it  radiate  or  uot  ?  If  so,  in 
what  direction  ?  Palpitation :  its  relation  to  meals,  and  to 
exertion.  Does  the  heart  give  an  occasional  tliump  now  and 
th(!n  ?  Sleep  J  prood  or  bad  ;  does  he  dream  ?  Giddiness,  is  it 
ever  present,  a  1 1  when  ? 

Ask  also  for  sij^^ns  indiaitive  of  general  venous  distension 
— e.g.  do  I  he  feet  ever  swell?  Has  he  any  cou^h  ?  What  is 
the  state  of  the  digestion  P    Do:s  his  nose  ever  bleed  ? 

3.  The  symptoms  and  appearances  point  to  an 
affection  of  the  blood.     Inquire  regarding — 

Family  history  of  bleeders.     Hal  he  had  any  lois  of  blood  ? 
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Has  ho  bleedng  pll^?     (If  a  woman— is  menstruation  exces- 
sive or  diminished  ?  )     What  is  the  slate  of  the  bowels  ? 
Any  possibility  of  lead  poisoning  or  malaria  P 
Such  subjective  sensations  as  breathlessness  on  exertion; 
headache ;  giddiness. 

Do  the  feet  ever  swell  P 

4.  The  symptoms  point  to  an  affection  of  the 
respiratory  or§:ans*     Inquire  regarding — 

Family  history  of  bronchitis,  asthma,  phthisis,  or  *'^c^)- 
fula.'*  The  patient's  occupation;  does  it  expose  him  to  ihe 
inhalation  of  irritating  fumes  or  partiQJ|^  Has  he  o\  er  h;id 
large  glands  in  the  neck  ?  Does  he  fliat  at  night  ?  Is  he 
getting  thinner  ? 

Cough.— li^  character  and  frequency;  when  is  it  wor^t? 
Does  it  pain  h'm  or  not  ?    Does  he  ever  vomit  with  it  ? 

-&aj/;^c^ora/w«.— Its  amount  and  general  characters;  yellow 
or  not?  Ever  blood  in  it  ?  If  so,  is  it  only  after  severe 
coughing  ?    Is  the  blooi  bright  and  frothy  or  dark  in  colour  ? 

rain  in  chest.— la  it  aggravated  by  taking  a  brcatli  P 
Constant  or  not  ?     Where  seated  P 

Dyspnaa. — When  is  it  felt?  If  spasmodic,  ask  him  to 
describe  an  attack. 

5.  The  symptoms  point  to  an  affection  of  the  Kid- 
neys— e.g.  general  dropsy — or  urinary  passages 

— e.g,  pain  in  micturition.     Inquire  regarding — 

Family  history  of  Bright's  disease,  gout,  or  apoplexy. 

Personal  history  of  scarlatina,  syphilis,  lead- poisoning,  pro- 
longed suppurations,  gravel  or  gout,  and  previous  renal  disease. 

Has  he  any  pain  in  the  lumbar  region  ?  Ever  any  attacks 
of  acute  pain  shooting  down  into  the  groin  ? 

The  following  remote  symptoms : — 

Headache,  vomiting,  drowsiness,  paralysis  or  fits,  dimness 
of  sight,  dyspnoea. 

Does  the  face  ever  look  puffy  in  the  morning  P 

What  is  the  state  of  the  bowels  ? 

Inquire  regarding  micturition  as  follows : — 

Ui-ine. — Is  it  altered  in  amount  ?  Has  he  to  rise  in  the 
night  to  pass  it  ? 

Is  it  altered  in  colour  ?  Is  it  clear  or  turbid  when  passe  1  ? 
Ever  any  blood  in  it?  If  so,  at  what  period  of  micturition  is 
ii  present? 
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Is  there  any  increased  frequency  of  mictmition?  Is  the 
increase  by  day  or  hy  night  ? 

Is  there  any  pain  during  micturition  ?  I«  it  hefore,  during, 
or  after  the  act  ?  What  is  its  chai-acter,  and  where  is  it  felt  P 
Is  it  aggravated  hy  movement  ? 

6.  In  skin  diseases* 

Inquire  carefully  into  the  patient's  personal  habits  as 
regards  diet,  clothing,  and  washing.  Ask  if  he  has  been  taking 
any  drugs  recently.  It  may  be  necessary  to  inquire  carefully 
regarding  syphilis.  Does  the  eruption  itch?  If  so,  when  is 
the  itching  worst  ?  Dijd  the  eruption  appear  all  at  once  or  in 
crops  ?  (Family  hislSl^^  of  gout ;  previous  history  of  rheuma- 
tism, ana)mia,  etc.) 

7.  The  symptoms  point  to  an  affection  of  the 
nervous  system* 

Inquire  regarding — 

A  family  history  of  mental  disease,  St.  Vitus*  dance, 
paralysis,  or  fits. 

The  nature  of  the  patient's  work ;  is  he  exposed  to  any 
poisons — e.g.  lead,  mercury,  arsenic,  naphtha,  etc.  Syphilis 
and  alcohol  should  he  inquired  about  with  special  care. 

In  cerebral  cases  it  is  often  very  important  to  inquire  re- 
garding discharge  from  the  ear. 

Should  he  complain  of  JitSy  the  following  questions  should 
be  asked : — 

Age  at  first  fit  ?  Any  assigned  cause  ?  Describe  the  first 
fit.  When  did  the  second  occur  F  What  has  been  shortest  and 
longest  interval  between  the  fits?  Are  they  more  or  h-ss 
frequent  now  ?  Do  they  occur  in  sleep  or  not  P  Has  he  any 
premonition  or  aura  P  What  is  its  character?  How  long 
before  the  loss  of  consciousness  does  it  occur  ?  Is  the  onset 
sudden  or  gradual?  Are  convulsions  present?  Are  they 
general  or  local  ?  Where  do  they  begin  and  end  P  Does  he 
fall?  Has  he  ever  hurt  himself/  Does  he  bite  his  tongue, 
micturjite,  or  deftecate  during  the  fit  P  Are  there  any  at'ter- 
sympton.s,  such  as  sleep,  headache,  automatism,  or  paralysis  P 
Is  there  any  suhsequent  mental  disturbance? 

If  he  complains  of  paralysis,  inquire  regarding — 

Symp'oms  of  heart  disease,  or  chronic  renal  disease  {see 
Circulatory  and  Urinary  Systems).  Had  he  any  premoni- 
tory symptoms  before  the  onset  P    Has  he  any  headache  or 
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Fomiting?  Where  is  the  headache  situated?  Has  he  any 
giddiness  or  difficulty  in  walking  ?  (The  method  of  elicit iii.^ 
other  subjectiTe  symptoms  of  nervous  di-ettse  is  considered 
along  with  the  investigation  of  the  cranial  nerves.) 

8.  The  symptoms  point  to  an  affection  of  the 
bones  or  Joints. 

Inquire  specially,  in  the  family  history,  for  tubercular 
disease,  rheumatism,  gout,  or  syphilis,  and  in  the  personal 
history  for  tubercular  disease,  previous  manifestations  of  gout 
or  rheumatism,  for  syphilis  or  gonorrhcjea,  and  for  any  remote 
or  recent  injuiy  (and  iu  a  woman  for  louconhcea  or  post-partum 
tiouble). 

If  there  be  pain  referred  to  a  bone,  ask  whether  it  is  worse 
during  the  day  or  duiing  the  night.  If  the  pain  be  in  a  joint, 
ask  whether  it  is  constantly  presont  or  ouly  when  the  joint  is 
moved.  Are  there  any  starting  pains  at  ni<<ht?  Is  the  pain 
affected  by  weather  ?  Does  the  pain  shift  from  one  joint  to 
another  ? 

If  the  patient  is  a  young  cbild,  the  following 
special  questions  should  be  put  to  the  mother*  : — 

How  many  other  children  are  there  ?  Any  dead,  and  of 
what?  Where  does  patient  come  in  the  family  ?  Have  there 
been  any  miscarriages  ?  If  so,  when  ?  Health  of  fatlier's  and 
mother's  family  ?     Mother's  health  during  pregnancy  ? 

Was  this  a  full-time  child  ?  Was  the  labour  normal?  Was 
the  child  breast-fed  :  if  so,  how  long  ?  If  not,  how  was  it  fed  ? 
What  food  does  it  get  now  ?  Had  it  any  rash  after  birth,  or 
any  snuffles?  When  did  it  begin  to  get  its  teeih  and  to 
walk? 

What  is  the  usual  state  of  the  digestion  and  bowels  ? 

Inquire  regarding  previous  illnesses  : — Fits  (number  and 
dates),  attacks  of  diarrhoei,  vomiting,  sore-throat  or  bronchitis. 
Infectious  diseases  and  ages  at  which  they  occurred  (measlo>, 
whooping  cough,  chicken-pox,  scarlatina,  etc.).  Has  there 
been  any  running  fiom  the  ears  ?  If  the  child  has  a  cough 
inquire  whether  it  has  ever  whooped,  when  the  attacks  are 
worst,  and  whether  the  cough  is  ever  followed  by  vomiting. 

The  interrogation  of  the  patient  being  coiiipletetl, 
one  proceeds  to — 

*  In  the  absence  of  the  mother,  note  from  whom  the  hiEtory 
was  obtaiued. 
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II.  The  physical  examination. 

One  investigates  first  of  all,  in  every  case,  the 
patient's  general  state.  Tliis  includes  the  general 
condition  of  his  nutrition,  the  presence  of  any  ob- 
viously morbid  appearances,  and  the  other  points 
considered  in  detail  in  Chapter  II.  One  proceeds  after 
that  to  the  investigation  of  each  system  by  itself. 
What  system  should  be  taken  up  first  ?  As  regards 
this,  there  are  two  possible  methods.  One  may  either 
take  lip  the  systems  in  one  and  the  same  order  in 
every  case,  beginning,  say,  with  the  Alimentary,  or 
one  may  examine  first  the  system  which  is  most 
affected.  The  latter  is,  on  the  whole,  the  better  plan, 
provided  always  that  one  is  able  to  tell  which  system 
it  really  is  that  is  most  diseased.  The  advantage 
of  this  luethod  is  that  it  gives  most  prominence  to  the 
most  important  part  of  the  physical  examination. 
Whichever  plan  the  student  elects  to  adopt,  he  may 
now  proceed  to  the  physical  examination  of  the 
different  systems  in  accordance  with  the  instructions 
laid  down  in  the  following  chapters,  the  results  being 
noted  in  the  order  given  in  the  scheme  below. 

Only  one  more  point  regarding  case-taking  remains 
to  be  emphasised,  and  that  is  the  importance  of  noting 
negative  as  well  as  positive  facts.  It  is  often  quite 
as  essential,  for  example,  to  state  that  such  a  symptom 
as  dyspnoea  is  absent  as  to  record  the  fact  of  its 
presence.  This  is  a  point  the  importance  of  which  is 
apt  not  to  be  fully  appreciated  by  the  beginner. 

In  conclusion,  it  need  hardly  be  said  that  the 
examination  should  be  carried  out  as  gently  as 
possible,  all  unnecessary  exposure,  exhaustion,  or 
chilling  oF  the  patient  being  carefully  avoided.  If 
the  patient  is  suffering  from  severe  or  acute  disease, 
it  may  be  advisable  to  postpone  all  physical  examin- 
ation other  than  that  which  is  absolutely  necessary  to 
the    diagnosis  of   his  condition,  or  for   guidance  in 
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treatment.  It  should  also  be  borne  in  mind  that 
when  a  patient  is  much  exhausted,  or  suffering  from 
serious  disease  of  the  lungs  or  heart,  very  dangerous 
and  even  fatal  results  may  ensue  if  he  be  thoughtlessly 
made  to  sit  up  in  bed  in  order  to  have  his  chest 
examined. 

CASE-TAKING    SCHEME. 
L  INTERROGAITON. 

Name.  Age.  Occupation.  Married  or  single.  Address. 
Date  of  coming  under  observation. 

Complaint. 

Duration. 

Family  history.* — Inquire  regarding  parents,  brothers 
and  sisters,  and  patient's  own  children.  Note  state  of  their 
health,  or  the  cause  of  their  death,  with  age  at  which  they 
died. 

Personal  liistory. 

Environment. — Nature  of  work  and  its  surroundings. 
Hygienic  conditions  at  home ;  habits  as  to  exercise,  food,  tea, 
alcohol,  and  toba.  co. 

Previous  iUnexses  or  accidents  (if  any),  with  their  time  of 
occurrence,  duration,  and  results. 

Present  illness. — Time  and  mode  of  its  origin,  the  order  in 
which  85'mptoms  appeared,  and  the  chief  symptoms  which 
trouble  patient  now;  treatment  (if  any)  already  employed. 

n.    PHYSICAL  EXAMINATION. 
1.  Present  state. 

General  condition. — General  state  of  consciousness  and 
intelligence.  Decubitus  (if  in  bed),  or  attitude  and  pait  (if 
up)  (p.  19).  General  state  of  development  and  nutrition. 
Expression  of  face;  presence  or  absence  of  pallor,  juimdice, 
cyanosis,  dropsy,  or  trophic  changes.  Presence  or  absence  of 
any  special  chaiacters  of  the  hands  (p  3*2).  Glandular  en- 
lirgenients.  Character  of  the  respiration,  and  the  presence  or 
absence  of  cough.    Take  the  temperature. 

•  See  footnote,  p.  4. 
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2.  Alimentary  system. 

Sahjective  symptomB  {see  special  interropration). 

ExHinine  the  mouth  (including  the  teeth,  gums,  and  tongue), 
the  pharynx^  and  fauces  (pp.  46-50),  and  the  ocsophaffiis  (wiih 
use  of  sound  if  necessary)  (p.  51). 

General  inspection,  palpation  and  percussion  of  the  aldomen 
(pp.  54-64). 

Stomach. — Palpation  and  percussion  (pp.  64-69).  Exami- 
nation of  gastric  contents  (test  breakfast)  or  vomit. 

Intestines. — Investigation  of  (p.  81).  Rectal  examination 
if  necessary  (p.  82).     Exathination  of  faeces  (p.  93). 

Liver  and  Gall  Bladder, — Examination  of  by  palpation 
and  percussion  (pp.  69-75). 

Spleen. — Examination  of  (p.  75). 

3.  Circulatory  system. 

Heart. — Subjective  symptoms  {see  special  interrogation). 

Pulse. — Describe  its  rate  and  its  rhythm.  Compare  the 
force  of  successive  beats.  Ascertain  the  state  of  the  vessel 
walls.  Note  the  blood  pressure  during  and  between  the  beats. 
Observe  the  amplitude  of  the  pulse  waves.  Analyse  a  complete 
beat  of  the  pulse  regarding  rise,  maintenance,  and  fall  of 
pressure,  and  determine  the  presence  or  absence  of  secondary 
waves.     Take  tracings  if  the  pulse  is  abnormal. 

inspection  and  palpation  of  pro'cordia^  noling  position  and 
character  of  apex  beat,  presence  or  absence  of  epii^nsiiic  pul- 
sation or  prsecordial  thrills,  or  of  pulsation  in  the  noc  <  or  at 
the  base  of  heart. 

Percussion  of  Heart  (p.  129). 

{a)  Upper  border  1 

{b)  Right  border  I  superficial,  deep. 

{c)  Left  border     J 

Auscultation  of  Heart  (p.  145). 

(a)  At  apex  and  a  little  internal  to  it. 

(b)  Tricuspid  area  at  lower  end  of  sternum. 
{c)  Aortic  area. 

(d)  Pulmonary  area  and  a  little  outside  it. 

(e)  Between  base  and  apex  (third  and  fourth  left  costal 
cartilages). 

(/)  Veins  and  arteries  of  neck. 

If  a  bruit  is  heard,  note  : — 

(rt)  Us  time. 

{h)  It8  character  (musical,  harsb,  etc.). 

ic)  Its  point  of  maximum  intensity. 
d)  Its  direction  of  propagation. 
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4.  The  blood. 

Count  the  red  and  white  corpuscles  (pp.  200-206).  Esti- 
mate the  haemoglobin  (pp.  209-216).  Examine  the  blood 
microscopically,  making  films  if  neCcssary  (pp.  216-230). 

5.  Respiratory  system. 

Subjective  symp'.oms  (see  special  interrogation). 
Count  the  rt  spirations  and  describe  their  character. 
Inspection  of  chest,  noting  its  shape,  power  of  expansion, 
etc.  (p.  239). 

Mensuration  of  the  two  sides  of  the  chest. 

Palpation  of  chest  (expansion  and  vocal  fremitus)  (p.  249). 

Percussion  of  lungs  anteriorlv,  laterally,  and  posteriorly 

(p.  261). 

Auscultation  of  lungs  in  same  order  (p.  266),  noting — 

(a)  Type  of  breath  sounds. 

(b)  Character  of  vocal  resonance. 

(e)  Presence  or  absence  of  accompaniments. 
Sputum. — Note  its  naked  eye  and  microscopic  chanicters 
(p.  284). 

6.  Urinary  system. 

Palp  ite  the  Kidneys  (p.  78). 

Examine  the  Urite.  —  Physically  (p.  295),  chemically 
(p.  307),  microscopically  (p.  364),  making  a  note  in  ex^evy 
case  of  the  following  points  : — 

.Quantity  in  twenty- four  hours,  colour,  specific  gravity, 
reaction,  odour,  general  chaiacter  of  deposit. 

Presence  or  absence  of  albumin,  blood,  sugar,  and  bile. 

Microscopic  characters  of  deposit. 

7.  Skin. 

Grfeneral  colour;  presence  or  absence  of  pigmmtation  or 
eruption;  nature  of  "primary  lesion"  in  eruption  and  of 
"secondary  lesions,"  if  present  (pp.  382-386). 

Palpate  the  skin ;  dryness,  smoothness,  thickness,  elasticity. 
Character  of  subcutaneous  (issues. 

8.  Nervous  system. 

Inquire  regarding  subjective  symptoms  {see  special  inteiTO- 
gation). 

Investigate  state  of — 

(1)  Intellectual  functions  (intelligence,  memory,  sleep, 
coma,  delirium,  speech,  etc.)  (Chaptfr  IX.). 

(2)  Cranial  nerve  functions  (testing  them  in  order)  (p.  422). 

(3)  Motor  functions  (noting  presence  or  absence  of  paralysis, 
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or  of  abuormal  muscular  movements,  and  state  of  muscidai 
Dulrition  (pp.  457-468).  Electiical  reactions  of  muscles  and 
nerrcs,  if  necessary  (pp.  486-498). 

(4)  Sensory  functions  (tnoluding  condition  of  sensibility  to 
touch,  weight,  temperature,  and  pain,  and  the  muscle  sense) 
(pp.   468-472) ;   presence  or  absence  of   abnormal  sensations 

(p.  472). 

(6)  Reflexes: — 

Superficial  Reflexes  (p.  473). 

Deep  Reflexes  (p.  478). 

Organic  ReHexes  and  Sphincters  (p.  483). 
(G)  Vasomotor  and  trophic  changes.  Tache  or  abnormal 
flushing.  liOcalised  pallor  or  blueness.  Sweating  (presence 
or  abBcnoo  in  any  locality).  Joint  changes.  Changes  in  the 
nfiils,  )mir,  or  fikin  (abnormal  pigmentation,  eruptions, 
atiojihiofl,  f^tc.)  (p.  484). 

9.  Till*  i*y^* 

>S|»|»fttrrtfir»'«*^"iM  ^»f»  ordinary  Innpoction  of  lids,  conjunctiva, 
cornrn,  iiif.  »'f<w  (\h  4{M/; 

V)m  otfU'itiff  ))|tnn}n>ilion  and  opliDiiilinoflcopy,  noting  state 
of  fn'-difl,  f«mi''ll'»n,  «n'l  i  luiifU'lnrH  of  fundus  (pp.  502-5 IC). 

NJi,  'III"  fimdim  of  tim  «'3ij  should  bo  reported  on  in  all 
rnN'tt  of  finf V'/iiM  (|)»(HfN(i, 

Tlut  I'Jiir*  KuMininn  plnrui,  m«'fitiifi,  nnd  membrane  (using 
¥\nv\\\\\\\\  find  inlliilioii  if  niKcNMiry)  (p.  510). 

TImi  Uiroilt,  IIOfi<S  unci  IliryilX.— Examine  larynx 
(l/iiynpr«<«<'oj»y)  iniil  iirihTior  and  jjoHtorior  nares  (posterior 
ihinoii('o|/y;  (  p|),  521   520),  noting  any  abnormalities. 

10.  Ijoooiiiolory  HyHt<>iii. 

l)i>Nciilii'  liny  changes  in  the  bones  or  joints  (p.  530). 

Diagnosis. 
(Prognosis.) 

Noie»  of  Treatment  and  Fi'ogrett, 

(Daily  notes  in  acute  cases  ;  in  others  make  a  note  of  progress 

every  three  days.) 

State  on  dismissal. 

If  patient  died,  add  notes  of  post-mortem  (if  held). 

Tlie  following  special  sclieine  for  cases  presenting 
nuMital  symptoms  Inus  been  drawn  up  by  Dr.  Henry 
ilead,  and  will  often  bo  found  useful  in  medical 
Tards : — 
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(I)   GSXEBAL. 

The  aspect  of  the  patient  as  modified  by  the  mental  distur- 
bance.    General  attitude  and  behaviour. 

Any  peculiarity  in  clothing.  Docs  patient  tend  to  strip 
himself  or  behave  indecently  ?  Can  he  dress  himself  ?  How 
does  he  take  his  food  ? 

General  standard  of  intelligence.  Can  he  read  P  Can  he 
write  ?    Can  he  amuse  himself  with  pictures  ? 

Speech  as  modified  by  the  mental  state. 

Is  he  destructive  ? 

Is  he  dirty  in  his  habits  ?  If  so,  is  it  from  inattention,  or 
is  he  actively  dirty  ? 

Masturbation,  alcoholism,  etc. 

Is  he  cataleptic  or  rigid  ?  Docs  he  make  any  rhythmical 
movements  or  sounds  ?  Eestlcssness  or  tremor  of  the  hands  ? 
Overaction  of  muscles  of  face  ? 

Does  he  sleep  ? 

Does  he  tend  to  wander  about  the  room  or  house  at  night  ? 

(2)  Sensory. 

Illusions  of  Sight,  Hearing,  Smell,  Taste.  Subjective 
sensations  of  touch  based  upon  wrong  interpretation  of  some 
actual  sensation. 

Hallucinations 

(3)  Emotional. 

Exaltation. — Chattering,  Shouting,  Singing.  Excessive 
sense  of  well-being.     Restlessness  or  Violence. 

Depression. — Crying,  Sighing,  Moaning.  Miserable  feeling, 
either  in  attacks  or  continuous.   Fear.    Is  the  patient  suicidal  ? 

Erotism.  —  Are  the  patient's  statements  coloured  by  an 
erotic  tone?    Give  examples. 

Religion. — Is  the  patient's  mental  state  coloured  by  an 
extravagantly  religious  tone? 

(4)  Memory. 

Memory  of  intention,  i.e.  does  the  patient  wish  to  say  or 
do  something  and  immediately  forget  the  intention  ?  Docs 
patient  misplace  things  ? 

Memory  of  recent  events. 

Memory  of  remote  events  [e.g.  events  of  childhood], 

[If  recent  memory  only  is  lost,  try  and  find  out  when  the 
break  in  memory  occurs.] 
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(.5)  Idbation. 

Orientation.  —  Sense  of  Time  and  Space.  Delusions  of 
identity  [i.e.  docs  patient  mistake  those  around  him  for  his 
friends  and  associates  before  he  entered  hospital,  or  does  he 
imafi:ine  thev  are  famous  or  legendary  persons?].  Does  he 
appreciate  h)S  surroundings,  or  does  he  imagine  himself  else- 
where than  ho  actually  is?  Does  he  invest  the  acts  of  those 
around  him  with  a  Secondary  or  Symbolic  meaning  ?  Does 
he  describe  actions  he  has  performed,  in  themselves  not  im- 
j)OSHible  or  improbable,  which,  however,  did  not  actually 
occur  P  [cff.  when  in  bed  with  alcoholic  paralysis,  does  he 
dcHcribo  the  walk  ho  took  in  the  morning,  t^ie  people  he  met, 
etc.  ?] 

{  oherence  or  Incoherence  of  Ideas, 

Delunions  of  Suspicion. — Continuous  or  only  in  attacks. 

Dehmons  of  lergecution  ,^-\vtion  of  unseen  agencies,  etc. 
(cRperially  at  night). 

Dfhtnionft  of  (irandriir. — Rirhes,  Power,  Bodily  Strength. 

Ddnsioim  ronrerning  his  heaHh  or  bodily  state. 

Feart  {unfounded)  in  ncuraflthenia. 
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CTT AFTER    IT. 
Oeveral  Condition  and  Appearances. 

Pefore  com  ucMicing  xhe  pliysical  examination,  the 
pliysiciin  may  gather  in  valuable  information  from  a 
more  gene  al  survey  of  lii.s  patient.  During  the  time 
occupi  d  in  asking  questions,  and  even  before  it,  the 
skilled  eye  and  ear  may  detect  much  that  has  an 
important  bearing  on  the  case.  Experience  in  actual 
clinical  practice  can  alone  educate  to  this,  but  some 
lines  may  be  indicated  along  which  to  work.* 

One  of  the  first  things  to  observe  is  the  attitude 
of  the  patient  as  he  lies  in  bed  (decubitus).  In 
health  a  person  lies  in  any  manner  in  which  he  feels 
comfoi-table — sometimes  on  his  back,  sometimes  on  his 
side.  He  changes  his  position  witliout  much  difficulty 
from  time  to  time,  and  has  no  hesitation  in  altenng 
his  attitude  if  he  slips  from  his  pillows  or  feels  other- 
wise uncomfortable.  But  the  stress  of  disease  will 
often  confine  his  activity  in  narrow  bounds.  When 
fever  has  run  high,  or  when  some  other  cause  has 
reduced  the  patient  to  extreme  weakness  and  dulled 
his  consciousness,  he  no  longer  makes  an  effort  to 
secure  a  position  of  comfoit,  but  passively  slips  down- 
wards from  his  pillows  in  obedience  to  the  law  of 
gravity,  and  lies  listless,  flaccid,  and  silent  even  where 
the  resulting  attitude  is  such  as  to  render  the  act  of 
breathing  unnecessarily  exhausting. 

Almost  equally  characteristic  is  the  lateral  position 
necessitated   by   some   diseases  of    the  viscera,  and 

*  For  much  fuller  information  than  can  be  given  here,  the 
senior  student  is  referred  to  Fothergill's  "  Physiological  Factor  in 
Diagnosis,"  and  to  the  writings  of  Hutchinson,  Gairdner,  and 
Laycock. 
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especially  by  those  of  the  lungs  and  pleura     The  two 
main  factors  in  compelling  this  attitude  are,  firstly, 
the  greater  ease  with  which  respiration  can  be  per- 
formed on  one  side  than  on  the  other ;  and,  secondly, 
the  fact  that  in  certain  positions  the  pain  is  renrlered 
less  acute,  whilst  in  others  it  is  aggravated.      When 
these  factors  co-operate,  it  is  easy  to  say  which  side 
the  patient  will  choose.     Thus,  in  pleurisy  with  much 
effusion,  where  the  chief  difficulty  is  the  mechanical 
one  of  providing  sufficient  expansion  for  the  uninjured 
lung,  and  where  pain  is  slight  or  absent  altogether, 
the  patient  will  be  found  lying  on  the  diseased  side. 
If,  however,  pain  be  the  prominent  element,  as  occurs 
in  the  earlier  stage  of  pleurisy,  he  will  best  secure 
easy   respiration   by   lying   in  the  position  of   least 
suffering.     What  this  position  will  be  it  is  not  easy  to 
predict,  for  the  pain  depends  both  on  the  amount  of 
movement  and  the  pressure  exerted  by  the  inflamed 
surfaces  on  each  other.     When  tlie  inflamed  pleura  is 
uppermost  its  movement  is  greatest,  but  its  pressure 
against  the  chest- wall  is  least ;  when  it  is  lowermost 
the  opposite  is  true ;  and  so  when  movement  is  the 
chief  cause  of  pain  the  patient  will  lie  on  the  affected 
side,  but  when  pressure  exerts  the  greater  influence, 
on    the   sound   one.      In    either   case,  however,  he 
confines    himself     to    the    selected    side,    and    any 
change   indicates   an   alteration   in  the  state  of  the 
disease. 

Another  class  of  patients  who  prefer  one  side  are 
those  who  have  a  cavity  in  the  lung.  When  this 
cavity  lies  with  its  aperture  below,  the  secretion 
flowing  from  it  enters  healthy  bronchi,  and  by  irri- 
tating them  maintains  a  perpetual  jind  most  distressing 
cough.  If,  however,  such  a  i)atient  turns  over,  so 
t]i«at  the  cavity  fills  before  its  contents  escape,  a  period 
of  tranquillity  is  obtained,  and  though  the  cough 
eventually  recurs,  a  larger  quantity  of  secretion   is 
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promptly  got  rid  of,  and  another  period  of  rest 
secured.  When,  as  frequently  happens  in  phthisis, 
the  secretion  is  tough  and  scanty,  this  symptom  is 
inconspicuous. 

Even  in  health  many  persons  feel  more  comfort- 
able on  one  side  than  on  the  other,  and  when  ill  will 
often  continue  to  prefer  the  accustomed  attitude; 
hence  the  fact  that  the  patient  is  repeatedly  found  on 
one  side,  although  it  suggests  the  propriety  of  being 
on  the  outlook  for  disease,  does  not  always  indicate 
its  presence. 

In  cases  where  great  demands  are  made  upon  the 

respiratory  system,  and  especially  when  it  fails  to 

respond  fully  to  such  demands,  the  sufferer  can  rarely 

lie   down   in   bed,  but   sits  more  or  less  erect  and 

propped  up  with  pillows.     To  this  condition  the  name 

of  orthopnoea  has  been  given.     It  is  common  in 

advanced  stages  of  heart,  lung,  and  kidney  disease, 

and  its  rationale  is  found  in  the  fact  that  this  attitude 

permits  of   freer  use   of    the   accessorv    respiratory 

ipusclesT  whilst  it  leaves  the  diaphraf^m  less  impeded 

by  intra-abdominal  pressure,  and  perhaps,   also,  2^^ 

favourably  on   thfl   intra-firanial    venous    pressure.* 

When  the  aWomen  is  greatly  distended  the  sufferer 

cannot  flex  his  thighs  without  raising  the  abdominal 

pressure  ;  at  the  same  time  he  prefeis  to  sit  up  rather 

than  to  remain  in  bed,  in  order  that  the  weight  of  the 

fluid  may  not  hinder  the  descent  of  the  diaphragm. 

In  sitting  up,  however,  he  tries  to  avoid  bending  his 

thighs,  and  -therefore  he  keeps  well  forward  in  his 

armchair,  sometimes  almost  in  a  kneeling  attitude, 

whilst  he  rests  his  head  on  a  table  placed  before  him. 

In  such  cases  the  removal  of  the  ascitic  effusion  may 

afford  unspeakable  relief  to  the  patient. 

In  abchminal  disease,  especially  when  the  peri- 
toneum is  involved,  the  aspect  is  frequently  character- 

*  See  SaMi,  "  Kliuische  Untersuchuugsmeihodeii,"  p.  4. 


22  Condition  and  Appearance. 

istic.  The  patient  lies  on  his  back  with  a  rigidity  of 
attitude  and  shallow  respiration  which  betoken  the 
pain  that  any  movement  produces,  whilst  one  or 
both  legs  are  drawn  up,  according  as  the  iuflaiu- 
mation  is  limited  to  one  side  or  has  become  more 
general. 

In  colic  and  dysmenorrhcea  there  is  often  great 
restlessness,  which  contrasts  vividly  with  the  fixed 
attitude  of  serious  inflammation.  In  renal  colic  the 
patient  tosses  about  and  tries  one  position  after 
another  in  futile  search  for  a  posture  iree  from  pain, 
whilst  the  less  acute  but  more  constant  draggling 
pain  of  renal  calculus  produces  aj^dropping  of  tlie 
shout(ler"bn  tlie  affected  side>  -whTch  is  most  marked 
when  the  patient  is  erect,  but  may  be  present  even 
in  bed. 

Patients  who  are  attacked  by  acute  rheuTnatism 
have  a  peculiar  aspect  of  helplessness,  the  limbs  lying 
motionless,  and  the  joints  being  swollen,  stiff,  and 
painful. 

Various  diseases  of  the  nervous  system  produce 
characteristic  attitudes ;  peculiarly  important  is  that 
of  meningitis,  where  the  neck  is  bent  backwards  so 
that  the  head  seems  to  bore  into  the  pillow. 

When  possible,  the  physician  should  not  only 
study  his  patient  in  bed,  but  should  also  see  him  up 
and  walking.  Many  [very  characteristic  attitudes, 
which  are  of  the  greatest  value  in  forming  a  diagnosis, 
can  only  be  observed  when  the  patient  is  in  the  erect 
posture.  Thus  the  forward  stoop,  the,  stiff  neck,  the 
tremor,  and  the  fingersTTexed  at  the  metacarpal  joints 
aiid  working  against  the  tliumb  as  though  engaged  in 
makirig^  cigarettes^  are  as  characteristic  of  paialysis 
agllans  as  is  the  festinant  gait. 

When  the  patient  is  standing,  observe  (1)  the 
pose  of  the  head ;  (2)  the  set  of  the  shoulders ;  (3) 
the  inclination  at  which  the  trunk  is  carried  on  the 
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pelvis — thrown  back  in  hyjHirtrophic  muscular  para- 
lysis, in  pregnancy,  and  in  massive  abdominal  tumour, 
often  bent  forward  when  abdominal  paiu  is  prt^sent ; 
(4)  the  position  of  the  arms  and  hands ;  (5)  the  out- 
line of  the  lower  limbs. 

When  the  patient  walks,  any  peculiarity  in  his 
§^ait  must  be  observed.  The  more  imj>ortant  types 
of  gait  are  described  in  Chapter  XL,  but  the  student 
must  remember  that  alterations  may  not  only  be  due 
to  diseases  of  the  muscular  and  nervous  systems,  but 
that  the  pain  of  a  gouty  toe,  or  of  a  blistered  heel,  or 
surgical  conditions  in  the  ankle,  knee,  and  hip  joints, 
likewise  produce  characteristic  effects. 

At  least  a  passing  glance  should  be  bestowed  on 
the  dress.  Apart  from  insanity,  where  the  patient's 
clothing  is  frequently  dishevelled  or  grotesque,  one 
may  discover  indications  of  a  local  or  general  change 
in  his  bulk,  or  his  boots  may  wear  unevenly  in  conse- 
quence of  some  abnoimality  of  gait. 

The  general  development  iind  nntritioii 
of  the  patient  demand  careful  examination.  In 
different  types  of  men  very  considerable  variations 
must  be  looked  for,  and  various  races  differ  greatly  in 
breadth  of  chest.  Age  also  is  a  factor  which  cannot 
be  left  out  of  the  reckoning,  and  a  proportion  between 
height,  girth,  and  weight  that  would  be  natural  enough 
at  fifty  may  l3e  quite  abnormal  at  twenty-one.  Recog- 
nising, however,  that  variations  must  be  expected  in 
individual  cases,  there  is  still  a  certain  general  ratio 
between  height,  weight,  and  chest  circumference  which 
has  been  found  to  represent  the  average  of  a  very 
large  number  of  cases,  and  may  therefore  be  taken  a? 
a  rough  standard,  any  wide  divergence  from  which 
would  call  for  special  explanation.  The  following 
table  is  one  of  several  that  have  been  compiled  from 
very  extensive  statistics.* 

*  Hutchinson. 
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V  arious  attempts  have  been  made,  with  partial 
success,  to  produce  a  formula  which  would  enable  the 
weight  to  be  estimated  when  the  height  and  girth  are 
known.     One  of  these,  cited  by  H.  Vierordt,  is  W  = 

-^——kilograms,  where  W  stands  for  weight,  H  for 

height  in  centimetres,  and  G  for  girth  in  centimetres. 
If  one  translates  the  metric  into  the  more  usual  British 
system,  and  estimates  the  weight  in  pounds  and  the 
height  and  girth  in  inches,  the  formula  becomes  W  = 
H  G  ,, 

TT 

It  is  important  to  compare  the  chest  girth  taken 
at  the  level  of  the  nipples  *  with  that  of  the  abdomen. 
If  in  a  man  below  middle  age  the  latter  measurement 
is  the  larger,  it  either  indicates  an  undue  tendency  to 
fat  formation,  which  may  at  a  later  period  impair  his 
vitality,  or  it  is  due  to  intra-abdominal  disease. 

When  these  measurements  have  been  made,  the 
nutintion  of  the  patient  is  observed.  Under  this  head 
one  notes  whether  the  patient  is  too  stout,  is  well 
nourished,-  or  is  emaciated.  In  health  there  is  a 
fair  quantity  of  subcutaneous  fat,  the  muscles  are  of 
moderate  size  and  firm  texture,  whilst  those  which 

*  In  male  subjects. 
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have  been  called  into  special  exercise  in  tlie  ordinary 
occupation  of  the  individual  under  examination  may 
be  markedly  prominent,  and  the  skin  is  elastic  and 
neither  very  moist  nor  very  dry.  When  nutrition  is 
perverted,  the  muscles  b^ome  flabby,  and  the  sub- 
cutaneous fat  is  increased  so  as  eventually  to  become 
burdensome  to  its  possessor;  or  emaciation  sets  in, 
owing  to  the  balance  between  ingestion  and  excre- 
tion becoming  deranged,  and  the  waste  of  tissue  ex- 
ceeding its  reparation.  Emaciation  is  thus  n.T\  jjpnpnrtAnt 
indication  of  many  diseases,  especially  thosQ  whjch  are 
;ompanied  with  fever. 

estimating  the  state  of  nutrition,  the  observer 
will  take  into  account  the  general  build  of  the  patient 
— some  are  naturally  small  and  slight,  others  are  large 
and  raw-boned  ;  and  one  also  meets  with  persons  who, 
though  possessed  of  little  subcutaneous  fat,  have  well- 
nourished  muscles,  whilst  others,  whose  muscles  are 
weak  and  soft,  have  an  abundant  supply  of  fat  in  the 
subcutaneous  tissues. 

Besides  the  nutrition  of  the  patient,  an  attempt 
should  be  made  to  ascertain  his  temperamciit 
and,  if  present,  his  diathesis,  since  this  often  exerts 
a  marked  influence  on  the  course  of  his  illness.  The 
analysis  of  temperament  is  beyond  the  scope  of  this 
work  :  the  senior  student  will  find  valuable  contribu- 
tions to  the  subject  in  Hutchinson's  "Pedigree  of 
Disease." 

To  the  trained  observer  the  expression  of  the 
patient  yields  information  of  the  very  highest  im- 
portance, and  amongst  the  factors  which  determine 
expression,  tlie  eye  holds  the  foremost  place.  Some 
patients  cannot  look  their  doctor  in  the  face,  and  this 
tendency  to  avoid  catching  his  eye  is  important,  as 
indicating  a  probability  that  the  information  they  are 
about  to  give  lacks  truthfulness,  and  also  that  they 
are  not  to  be  trusted  to  obey  the  instructions  which 
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they  receive.     Sometimes  the  eyes  are  restless,  follow- 
ing every  movement  of  the  attendant,  as  oft-en  occurs 
in  phthiiiis ;  at  other  times  they  stare  vacantly  into 
(Space,  regardless  of  all  that  is  passing  arounil  them,  a 
condition  well  seen  when  the  consciousness  is  growing 
didl.     In  exo])hthalmos  the  eyes  are  prominent,  and 
hhow  a  ring  of  sclerotic  above  the  cornea ;  or  the 
prominence  may  be  due  to  a  high  degree  of  myopia. 
In  wasting  disease  or  in  profound  collapse,  such  as  is 
found   in  cholera,  the  sunken  eyes  and  half-closed 
eyelids  cannot  fail  to  command  attention.     There  are 
racial  dilFerences  in  the  "set"  and  obliquity  of  the  * 
eyes,  and    by  noting  this  feature  something  may  at 
times  be  learned  either  of  the  heredity  of  a  i)atient  or 
of  the  tendency  to  reversion  towards  a  lower  type. 
The  arch  of  the  eyebrows  may  give  a  hint,  where  it  is 
either  excessive   or   too   slight,    of    a    proclivity   to 
tubercular  disease,  and    an    even   closer   connection 
seems  to  exist   between  the  stnmious  tendency  and 
long,  dark  eyelashes,   coupled   with  singularly  clear 
sclerotics.      More  detailed    reference   is   made   in  a 
subsequent  chapter  to  important  abnormalities  in  the 
different  structures  of  the  eye,  where  the  student  will 
learn  how  the  conjunctiva  and  sclerotic  tell  of  tubercle 
and  Bright's  disease,  of  anaemia  and  rheumatism,  of 
jaundice  and  of  intemperance ;   and  how  the  cornea 
foretells  an  early  onset  of  senile  changes  in  other  organs 
by  the  appearance  of  an  arcus  senilis,  or  reveals  the 
ravages  of   syphilis  and  struma  ;   how  the  size  and 
mobility  of  the  pupils  indicate  the  existence  of  disease 
in  the  nervous  system,  or  the  presence  of  aneurysm, 
or  it  may  be  only  of  synechise  from  an  old  iritis  ;  and 
how  the  iris  may  contain  a  tubercular  nodule,  or  be 
muddy  and  discoloured  from  iritis. 

The  loiirer  eyelids  are  puffy  and  oedematous, 
especially  in  the  morning,  when  the  patient  is  suffering 
f tx)m  Bright's  disease  ;  and  a  like  appearance  is  often 
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to  be  noted  in  patieDts  who  are  suffering  from  very 
severe  paroxysms  of  cough.  It  is  very  character- 
istically present  in  children  affected  with  whooping 
cough.  The  eyelids  may  also  be  swollen  and  inflamed 
as  the  result  of  bug  bites.  People  look  "  dark  under 
the  eyes  "  when  their  digestion  is  out  of  order,  or  when 
fatigued,  especially  from  want  of  sleep  ;  often  women 
are  darker  under  the  eyes  during  mf^nstrnp-^^jOD  f.lmp 
at  other  times. 

The  nose  has  a  sunken  bridge  in  congenital 
syphilis;  tfee  tip  is  red  in  some  cases  of  mitral  re«;ur- 
gitatioD,  in  habitual  di-unkards,  in "  females  with 
chronic  indigestion,  an^  sometiineg  in "piirely  focal 
conditions!  TJndue  mobility  of  the  alae  _na§i_  nin.y  l^o 
due  to  neurosis,  or  it  may  indicate  olstruction  to 
inspiration,  and  is  jn  this  respect  very  important  to 
look  for  in  infants.  Young  persons  who  suffer  from 
adenoids,  and  to  a  lesser  extent  those  afflicted  with 
enlarged  tonsils  or  chronic  bronchitis,  have  pinched 
noses  and  open,  fishy  mouths.  The  pinching  of  the 
nose  is  due  to  falling-in  of  the  alge  nasi  where  they 
lose  the  support  of  the  nasal  bones  whilst  the  mouth  is 
kept  open  to  reduce  the  resistance  to  the  entrance  of  air. 

The  lips  are  pale  in  chlorosis  and  other  forms  of 
anaemia ;  livid  and  blue  in  heart  disease  when  com- 
pensation fails.  A  thick,  short,  and  coarse-look  in;; 
upper  lip  is  often  found  in  association  with  a  phthisical 
tendency,  whilst  thin,  mobile  lips  occur  in  persons  of 
a  neurotic  temperament,  and  especially  in  female 
invalids  whose  constitutions  are  naturally  weak,  and 
who  have  not,  nor  can  ever  hope  to  possess,  a  large 
stock  of  vitality.  Herpes  on  the  lip.Ja.Y-erv  often 
HssQc^^ted  with  ijiflamuiatiQii  oi  the  -  reapiratory  tract, 


and  is  often  an  early  and  suggestive  accompaniment 
pneumonia.      When  it  occurs  in  a  patient  who  is 
obviously  ill  the  chest  should  always  be  most  carefully 
examined. 
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The  eai's  are  often  ill-developed  in  idiots,  and 
sometimes  in  the  insane  develop  hsematomata.  Of 
greater  frequency  is  the  occurrence  of  tophi  in  persons 
of  gouty  habit. 

The  cheeks  give  valuable  information  regarding 
the  patient's  health.  In  anaemia  and  aortic  disease 
they  are  pale  ;  in  hectic  fever  there  is  a  bright  cir- 
cumscribed blush  over  the  malar  bones ;  in  the  capil- 
lary engorgement  of  plethora  they  are  ruddy  and 
high-coloured,  as  they  also  are  in  many  persons  who 
lead  an  open-air  life,  exposed  to  all  weathers ;  in  heart 
disease  they  are  also  high-coloured  when  back  pressure 
has  begun  to  tell  on  the  systemic  circulation,  but  the 
colour  is  of  a  bluish  and  cyanotic  tint,  which  cannot 
be  mistaken  for  the  rubicund  cheeks  of  plethora.  In 
unilateral  chest  inflammations,  and  particularly  in 
pneumonia,  the  cheek  corresponding  to  the  affected 
lung  may  be  flushed,  but  if  the  patient  has  been  lying 
for  some  time  on  one  side  there  is  often  a  difference 
between  the  two  cheeks,  resulting  from  the  pressure 
of  the  lower  one  upon  the  pillow,  quite  apart  from 
the  presence  of  disease. 

The  form  of  the  cranium  may  also  indicate 
points  of  importance,  to  vhich  reference  is  made  in 
Chapter  XT. 

In  addition  to  the  appearance  of  individual 
features,  the  §:eneral  expression  of  the  patient 
must  bo  noted.  Is  it  animated,  apathetic,  or  has  it 
the  absolute  vacancy  of  unconsciousness  1  Are  there 
wrinkles  on  the  face,  or  is  it  smooth ;  or  is  one  side 
smooth  and  the  other  wrinkled,  as  one  sees  it  in  uni- 
lateral paralysis  of  the  seventh  nerve  1  Is  the  mouth 
drawn  over  to  one  side,  and  is  there  any  other  lack  of 

iietry  between  the  two  halves  %     The  ex[)ression 

be   characteristic   of  pain,  or   there  may  be  a 

lity  resting  on  the  features  which  gainsays  the 

ion  of  a  patient  that  his  agony  is  most  severe. 
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A  look  of  anxiety  on  a  patient's  face  often  presages 
serious  illness  at  a  time  prior  to  the  appearance  of  any 
other  signs  or  symptoms  which  would  suggest  the 
gravity  of  the  situation.  Twitching  of  the  face  some- 
times results  from  a  nervous  habit,  at  other  times  it 
is  a  symptom  of  definite  disease,  of  which  chorea 
affords  a  good  example.  When  pain  is  present,  the 
various  features  are  differently  affected,  according  to 
its  situation.  Pain  in  the  head,  whether  simple  head- 
ache or  of  organic  origin,  causes  the  sufferer  to  frown ; 
painful  diseases  of  the  chest  and  abdomen  tend  rather 
to  affect  the  expression  of  the  lower  part  of  the  face. 
These  signs  are  of  peculiar  importance  in  the  case  of 
children  who  cannot  describe  their  sufferings.*  The 
physiognomy  of  insanity  is  often  highly  charactenstic, 
but  descriptions  of  it  must  be  obtained  from  special 
text-books.  In  serious  illness  the  nose  often  looks 
pinched,  the  eyes  look  sunken  and  lustreless,  and  the 
chin  and  malar  bones  sharp  and  prominent,  owing  to 
the  loss  of  tone  which  the  soft  tissues  have  undergone. 

Several  types  of  expression  have  received  special 
names.  Of  these  the  most  important  are  the  facies 
Hippocratica  and  the  typhoid  facies.  t 

In  the  facies  Hippocratica  the  skin  is  livid 
or  pale,  and  opaque,  the  eyes  are  dull  and  sunken 
but  remain  open,  the  nose  is  sharpened,  the  temples 

•  A  most  valuable  contribution  to  the  explanation  of  these 
special  appearances  will  be  found  in  Prof.  0.  Soltmann's  *'  Ueber 
das  Mienen-  und  Geberdenspiel  kranker  Kinder,"  in  the  **  Jahr- 
buchf.  KinderheUk."  Bd.  xxvL,  p.  206.  Students  will  find  an 
admirable  epitome  of  the  main  facts  in  Dr.  John  Thomson's 
**  Clinical  Examination  and  Treatment  of  Sick  Children,"  p.  47. 
Attempts  have  been  made  to  associate  certain  lines  which  appear 
on  the  faces  of  sick  children  with  diseases  in  special  groups  of 
organs.  With  the  exception  of  a  furrow  which  runs  downwards 
from  the  ala  nasi  to  curve  round  the  angle  of  the  mouth,  and 
which  is  not  uufrequently  present  in  cases  of  ^tro-intestinal 
disorder,  they  are  of  little  or  no  value  for  diagnosis. 

t  Of.  FothergiU's  "Physiological  Fa^ctor." 
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are  hollow,  the  chin  is  sharp,  the  mouth  is  oi)en 
through  dropping  of  the  lower  jaw,  the  ears  are  cold 
and  slirunken,  and  the  cheeks  drawn  in.  When  this 
facies  is  associated  with  abdominal  disease  there  is 
a  red  or  livid  ring  around  the  eyes.  The  Hippocratic 
facies  is  a  presage  of  impending  dissolution.  The 
typhoid  facies  is  characterised  by  dull,  lustreless 
eyes,  tremor  of  the  lips  (with  muttering  delirium), 
and  a  blank,  expressionless  countenance.  Associated 
with  this  are  found  a  brown,  dry  tongue,  a  rapid 
pulse,  a  tendency  to  sink  low  in  the  bed,  twitching 
of  the  tendons  (subsultiis  tendinum)^  and  a  constant 
purposeless  picking  of  the  bedclothes. 

The   slate   ©I  tiie  skin    where   it   is   exposed 
mnst   be   carefully   investip;ated.     In    the    face    we 
notice  especially  the  compiexion.     This  is  depend- 
ent on  two  factors — the  colour  and  the  transparency 
of  the  skin.     The  most  important  abnormalities  are 
pallor,    yellowness,  bronzing,    an  earthy  tint,  and  a 
dusky   bluish   red   hue.     Pallor   occurs   in  various 
anaimic  states,   and  also  when  the  heart's  action   is 
greatly   enfeebled,    as  in  fainting  or  severe  nausea. 
ITelloiirness  may  be  due  to  pernicious  ansemia,  when 
the  tint  is  pale  lemon  yellow,  which  contrasts  with 
the  whiteness  of  the  sclerotics ;  or  to  jaundice,  when 
the  skin  may  be  only  faintly  discoloured,  or  may  be 
of  a  dark  yellow  colour,  with  excoriations  from  the 
scratching  that  results  from  the  intense  itchiness  which 
the  bile   acids  evoke.     In  jaundice  the  conjunctiva; 
and    mucous    membranes    share   in   the    coloration. 
BronxiiifiT  is  found  in  Addison's  disease,  and  affects 
both  the  skin  and  the  inside  of  the  mouth.     An  eartliy 
lint  i^   common   in  states  of  serious  ill-health.     It 
sometimes    indicates    a    malarial    history ;   in   other 
instances   it   is  the  result  of  syphilis  or  of  cancer ; 
and    in   yet   others   it  can  be  traced  to  an  anaemic 
condition  maintained   by   continual    small   losses  of 
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blood,  such  as  bleeding  piles  may  involve.  This  tint 
is  partly  due  to  the  altered  state  of  the  blood, 
partly  to  abnormal  opacity  of  the  skin.  The  dusky 
tint  of  embarrassed  breathing  and  of  advanced 
heart  disease  does  not  demand  further  notice 
here. 

It  is  also  important  to  search  for  cutaneous 
eruptions,  some  of  which — measles  and  syphilitic 
rashes,  for  example — frequently  appear  first  about 
the  roots  of  the  hair,  whilst  others  have  equally  dis- 
tinctive situations.  Ulcers  and  scars  should  also  be 
looked  for.  The  colour  and  nutrition  of  the  hair,  and 
the  dryness  or  moisture  of  the  skin,  must  be  noted ; 
and  if  perspiration  is  present,  its  amount  and 
situation.  The  perspiring  brow  of  a  rachitic  child 
i8  very  characteristic. 

Keference  has  already  been  made  to  the  panni. 
cuius  adiposus;  but  in  addition  to  the  presence 
or  absence  of  fat,  morbid  conditions  may  lead  to 
abnormal  states  of  the  cellular  tissues.  The  chief 
of  these  is  the  presence  of  fluid  or  of  air,  the  former 
being  by  far  the  commoner.  When  fluid  is  present, 
the  condition  is  known  as  dropsy,  and  there  are 
two  varieties  of  this,  which  are  sometimes  de- 
scribed as  "  hydrsemic  "  and  "  passive."  In  hydrsemic 
dropsy,  typical  examples  of  which  occur  in  sufferers 
from  Bright's  disease,  the  transudation  does  not  first 
show  itself  in  the  most  dependent  parts  of  the 
body,  but  in  other  sites  where  laxity  of  the  tissues 
favours  its  accumulation.  Thus  in  chronic  nephritis 
an  early  symptom  is  the  oedema  of  the  face,  especially 
below  the  eyes,  which  comes  and  goes,  being  most 
noticeable  when  the  patient  first  rises  in  the  morning. 
In  passive  dropsy,  however,  which  is  typically  present 
in  those  cases  where  pulmonary  or  cardiac  disease 
produces  a  backward  pressure  in  the  veins,  the 
swelling  first  appears  at  the  ankles  and  over   the 
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dorsum  of  the  foot,  and  only  gradually  mounts  to 
the  legs,  thighs,  and  trunk.  When  the  venous 
obstruction  is  local,  the  dropsy  is  confined  to  the 
parts  from  which  the  return  of  blood  is  impeded. 
In  this  way  one  finds  ascites  resulting  from  cirrhosis 
of  the  liver,  or  oedema  of  an  arm  when  the  axillary 
glands  are  cancerous  and  constrict  the  axillary  vein. 
CEdema  of  the  whole  upper  part  of  the  body  may 
result  from  intrathoracic  tumours  ;  the  writer  has  seen 
it  follow  compression  of  the  superior  vena  cava  by  an 
aneurysm.  Dropsy  may  be  recognised  by  the  pallid 
and  glossy  appearance  of  the  skin  over  the  swollen 
part,  by  its  doughy  feel,  and  by  the  fact  that  it  pits 
on  pressure. 

Localised  oedema  may  be  due  to  nervous 
causes,  and  is  found  in  certain  of  the  angioneurotic 
group  of  diseases. 

Subcutaneous  empltysema  is  not  common, 
but  when  present  it  can  be  readily  recognised  by  the 
crackling  sensation  which  is  detected  on  pinching  the 
part  affected. 

The  hands  of  the  patient  merit  careful  observa- 
tion. Notice  the  strength  of  his  grip  as  he  shakes 
hands ;  this  often  indicates  improvement  or  the 
reverse  with  considerable  accuracy.  Their  general 
shape  should  then  be  not-ed.  Are  they  stunted  as 
in  congenital  cretinism,  or  "  spade-like,"  as  in 
myxoedema ;  are  the  joints  large,  as  occurs  in  rickets 
and  in  pei*sons  of  strumous  diathesis  ?  Are  they 
deformed  as  well,  as  occurs  in  rheumatoid  arthritis, 
or  swollen  and  painful,  as  in  acute  rheumatism  1 
Sometimes  what  looks  like  enlargement  of  the  joints 
is  really  due  to  wasting  of  the  surrounding  tissues. 
Wlien  the  patient  is  gouty,  the  finger  joints  are 
often  implicated,  and  nodules,  known  as  IleberdenN 
knobs,  are  formed.  These  must,  not  be  confused 
with    llayg^arth's   nodosities^  which  are  fibrous 
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thickenings  found  in  cases  of  rheumatism.*  Gout 
sometimes  shows  itself  by  producing  a  contrac- 
tion of  the  pahnar  ^fascia  that  prevents  extension 
of  the  fingers.  In  nerve  disease  the  skin  of  the 
hand  may  undergo  trophic  cbani^es,  becoming 
thin  and  glossy;  or  the  vessels  may  be  influenced 
by  vasomotor  disorders,  and  lead  to  redness  or  to 
a  pallid  and  dead-looking  state  of  the  fingers.  Nerve 
diseases  also  produce  very  characteristic  movements 
or  attitudes  of  the  hand,  as  may  be  seen  in  athetosis, 
tetany,  and  lead  palsy.  Tremor  of  the  hands  is  a 
frequent  indication  of  disease.  Amongst  the  con- 
ditions which  produce  it  may  be  instanced  paralysis 
agitans,  multiple  sclerosis,  certain  traumatic  neuroses, 
Graves'  disease,  ursemia,  insomnia,  mercurial  poisoning, 
alcoholism,  abu'se  of  tobacco,  and  senile  degenerative 
changes.  The  methods  of  studying  this  symptom  are 
detailed  on  page  467.  In  ulnar  paralysis  the  hand 
becomes  deformed  by  over-extension  of  the  first 
phalanges,  combined  with  excessive  flexion  of  the 
rest,  so  that  a  claw-like  attitude  is  produced.  This  is 
known  as  the  ^^main  en  g^flfe."  When  the 
muscles  of  the  thenar  and  hypothenar  eminences 
have  undergone  atrophy  the  hand  becomes  flattened, 
and  thus  somewhat  resembles  that  of  an  ape.  In 
acromegaly  and  in  pulmonavy  osteoarthropathy  there 
are  very  characteristic  enlargements  of  the  hands, 
which  present  a  singularly  massive  appearance.  The 
fingers  become  clubbed  under  conditions  which 
produce  chronic  congestion  of  the  peripheral  veins, 
chief  amongst  such  conditions  being  respiratory  or 
cardiac   embarrassment.     Where    the    congestion    is 

*  Considerable  difference  of  opinion  exists  as  to  what  Heberden 
really  described,  but  tljfe  terms  are  now  genersdly  used  in  the 
sense  given  in  the  text.  Those  who  desire  to  consiut  the  originals 
are  referred  to  Heberden,  *'  Commentaries  on  the  History  and 
Cure  of  Diseases,"  London,  1803,  2nd  Edit.,  p  .148 ;  and  Hay- 
garth,  '<  A  Clinic^  History  of  Diseases,"  part  ii.,  Bath,  18Q5. 
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marked  the  finger  tips  are  blue  and  cold,  antl  the 
naila  are  much  cui-ved  longitudinally.  The  naila 
exhibit  longitudinal  grooves  in  gouty  perBons,  in 
whom  also  they  are  often  aingulaily  hard  and  brittle ; 
whilst  a  tranaveiBe  furrow  is  the  record  of  some 
former  interference  with  the  nail's  nutrition,  and  in 
the  absence  of  a  local  cause  points  to  some  eevere 
constitutional  illness.  Many  persons,  especially  those 
of  the  so-called  lymphatic  temperament,  have  moist 
and  clanimy  hands.  These  in  women  frequently 
indicate  excessi\'e  Icucorrhceal  loss,  and  so  aid  in 
directing  inquiry  towards  this  subject  Even  when 
the  hand  is  not  moist  when  the  patient  is  seen,  the 
faat  that  the  colour  has  been  sweated  out  of  the  palm 
of  the  glove  may  show  that  the  tendency  exists.*  In 
infanta  the  movements  or  position  of  the  hands  and 
fingers  will  often  direct  an  acute  observer  to  the  seat 
of  disease. 

The  neck  should  always  be  inspected,  and  special 
note  taken  of  anyof  the  conditionsaboutto  bedescribed. 
1.  The  state  of  the  lymphHlic  glands— In 
ayphilis  the  glands  under  the  upper  part  of  the 
trapezius  ai-e  very  frequently  enlarged.  In  septic 
ear  diseases  the  glands  below  the  ear  can  often  be 
readily  felt,  Where  there  are  carious  teeth,  aitd 
whci'B  there  is  moligiiant  disease  in  the  mouth, 
enlarged  gtnnds  can  usually  be  detected  near  the 
angles  of  the  jaw.  In  scrofulous  persons  enlarged 
tubercular  glands  occur  in  groups  or  in  long  chains 
beside  the  sternomastoid,  and  scars  will  mark  tin 
points  where  they  have  suppurated.  In  lymphade 
noma  the  glands  are  enlarged  and  firmly  malted 
together.  If  enlarged  glands  are  found  either 
ithe  neck  or  elsewhere,  it  is  important  to  obsi 
rhether  they  remain  firm  and  distinct,  or  become 
together,  or  whether  fluctuation  can  bo  detected. 
rothargOl. 
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2.  The  thyroid  g^land. — The  existence  of  any 
swelling  of  this  gland  is  important,  and  its  effect  on 
the  patient's  respiration  should  be  studied.  Some- 
times such  enlargements  exercise  considerable  pressure 
on  the  trachea;  at  other  times,  particularly  if  the 
disease  be  malignant,  the  recurrent  laryngeal  nerves 
may  become  implicated.  In  cases  where  there  is 
difficulty  in  determining  whether  a  tumour  is  con- 
nected with  the  thyroid,  much  assistance  may  be 
obtained  from  the  fact  that  the  gland  and  any  tumour 
which  is  connected  with  it  move  up  and  down  with 
the  larynx  during  deglutition. 

3.  Unusual  prominence  of  any  muscle 
or  group  of  muscles  in  the  neck  should  be  described. 
Such  prominence  may  be  bilateral,  as  of  both  stemo- 
mastoids  in  emphysema,  or  unilateral,  as  in  tonic  wi-y 
neck.  A  congenital  stemomastoid  tumour  may  be 
present,  and,  if  unrecognised,  may  lead  to  much 
perplexity ;  whilst  various  cysts,  cold  abscesses,  or 
developmental  abnormalities  may  be  encountered. 
Their  recognition,  however,  is  rather  a  question  for 
surgical  diagnosis. 

4.  movements  of  the  laryngeal  box  are 
sometimes  conspicuous,  and  may  call  for  explanation. 

5.  Rigidity  of  the  neck  may  be  due  to  inflam- 
mation, to  rheumatism,  to  disease  of  the  spinal  column, 
or  to  various  nervous  diseases,  whilst  spasmodic  move- 
ments occur  in  clonic  torticollis. 

6.  Any  bulging  of  the  apices  of  the  lungs 
during  a  fit  of  coughing,  or  pulsations  seen  in  the 
vessels,  must  be  recorded,  nor  must  the  existence  of 
aneurysm  be  overlooked. 

7.  Boils  and  carbuncles  are  very  frequently 
situated  on  the  back  of  the  neck.  As  they  are  not 
unfrequently  present  in  cases  of  diabetes,  they  should 
direct  the  observer's  inquiries  to  the  urinary  system, 
and  sugar  s)iould  be  tested  for. 
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8.  Finally,  with  respect  to  the  BcncrnI  shiipc 

of  liie  neck,    it   sliould  be    noted    whether   it   is 

short  and  thick,  or  long  and  smooth,  or  "  scraggy,"  or 

projecting  forwards  with   a   prominent   larynx.     The 

last  form  ia  common  in  pereona  with  phthinoid  chests. 

The  character  of  a  patient's  respiration  ia  often 

of   great    service    in    reaching    a    diagnosis    and    a 

prognosis.     Under  the  name  of  "  Extra-auscultation  " 

I  Professor  Wyllie  has  grouped  together  the    various 

\  phenomena  connected  with  respiration  which  are  to  be 

heard,  apart  from  those  revealed   by  the  stethoscope, 

when  standing  at  the  bedside  of  the  patient.*    In  the 

following  scheme  his  classification  is  adopted  ; — 

r  EiTai-AcscuLrATiQS. 
in  Ihe  reapiratarj-  piBSBgen. 
Thickened  mucosa,  or  accumulated  Bocrc- 

PaisljsiB  of  alio  nasi. 

Nafal  Htertor.     The  soft  palate  atiikea 

the  b^ct  of  the  pharynx. 
Ornl  stertor.     Tho  soft  )>n!ato  strike!  tha 

tongue,  which  has  fnllon  bni:lE. 
Snelling  of  Corda  i  Lnmygeal      stridor 
ParaljBJsocSpaBin  I      (almost invariably 
of  Glottic.  J      inapiratory.) 

.  Tracheal  stridor) 
[leopard  gcowl.)  ( 
.  ■I'raoheal  ratlie  ( 
(death-rattle.)  I 
.  Musical  Boundfl  (wheezing). 
,  Cropit    * ^- 
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Where  the  respiratory  passages  are  obstructed  the 
normal  quiet  respiratory  sound  is  replaced  by  more  or 
less  noisy  breathing.  When  the  obstruction  occurs 
in  the  nose  either  from  mucus  in  the  meatus  or 
from  thickening  of  the  mucosa  which  covers  the 
turbinated  bones,  or  from  paralysis  of  the  alse  nasi, 
the  breathing  is  sniffing  or  bubbling  in  character. 
When  the  soft  palate  is  relaxed,  and  especially  when 
it  is  paralysed,  it  prevents  the  free  passage  of  air 
between  the  mouth  and  thorax,  and  produces  a  snor- 
ing or  stertorous  sound.  When  the  rima  glottidls  is 
obstructed  from  any  cause,  such  as  spasm  or  paralysis 
of  the  vocal  cords  or  oedema  of  the  larynx,  stridulous 
breathing  results.  If  a  polypus  or  other  tumour  lie 
between  the  cords,  there  may  either  be  stridor  or 
simply  noisy  breathing.  The  trachea  may  have  its 
airway  narrowed  by  pressure  from  the  outeide,  as  in 
cases  of  tumour  and  especially  of  aneurysm,  when  tlie 
breathing  becomes  growling  ;  or  mucus  may  obstruct 
the  lumen,  producing  a  rattling  sound.  The  "  death- 
rattle,"  which  occurs  when  weakness  and  insensitive- 
ness  combine  to  prevent  any  effort  at  expectoration, 
is  a  typical  example  of  the  condition.  Obstruction  in 
the  bronchi  gives  rise  to  wheezing  and  crackling 
sounds.  Sometimes  the  respiration  is  sighing ; 
Gairdner  is  inclined  to  think  that  this  may  indicate 
fatty  degeneration  or  slight  dilatation  of  the  heart. 
An  important  division  of  dyspnceic  conditions  may 
be  made  according  as  the  difficulty  in  respiration  is 
felt  during  the  inspiratory  or  the  expiratory  period. 
Most  cases  of  obstruction  of  the  air-passages  are 
characterised  by  inspiratory  dyspnoea,  whilst 
many  of  the  pulmonary  causes  of  dyspnoea  produce 
expiratory  trouble.  As  a  common  example  of  the 
latter  one  may  cite  the  prolonged  expiration  of  a  case 
of  bronchitis  with  emphysema.  The  breathing  may 
be  characteristic  of  diseases  quite  distinct  from  those 
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of  the  respiratory  Hystem.  Examples  o£  this  are 
found  in  tbe  stertoroua  breatliing  of  apoplexy,  the 
hissing  expiration  of  uremia,  and  the  dyspncea  or 
"  air-hung(?r  "  *  of  coinraencing  diabetic  coma,  which 
aSects  both  inspiFation  and  expiration. 

If  congli  19  present,  its  character  must  be  most 
carefully  noted. +  Tbe  first  thing  to  observe  in  this 
connection  is  whether  the  cough  consists  of  inde- 
pendent explosive  expirations,  or  is  paroxysmal  in 
character.  The  former  occurs  in  early  phthisis,  in 
granular  pharyngitis,  and  in  some  forma  of  nervous 
irritation  ;  the  latter  is  often  found  in  severe  bron- 
oliitis,  and  is  very  typical  in  pertussis.  One  should 
also  notice  whether  the  cough  induces  pain  or  nausea, 
and  whether  its  tone  ia  resonant,  or  suppressed,  or 
husky.  In  comvion  colds  the  cough  is  at  fii'st  short 
and  dry,  but  as  the  quantity  of  secretion  increases, 
the  type  becomes  more  paroxysmal,  and  the  fit  of 
coughing  continues  till  the  mucus  is  expectorated. 
In  bronchitis  the  condition  reaembles  that  found  in 
the  last  affection,  but  the  paroxysms  are  more  severe, 
and  wheezing  ia  often  present.  When  due  to  early 
pht/iisis,  the  cough  is  frequent,  short,  and  sharp,  and 
ia  described  as  diy  because  there  is  no  rattling  of 
mucus  associated  with  it.  Later  in  the  disease, 
when  the  caseous  masses  are  breaking  down,  secre- 
tion is  much  more  copious,  and  the  cough  becomes 
moist  and  paroxysmal,  In  severe  cases  actual  vomit- 
ing may  be  induced.  A  nervotts  cough  generally 
Loa  the  character  of  single,  short,  dry  explosions, 
repeated  at  intervals,  and  a  similar  type  is  produced 

'  Xussmaul. 

+  Tha  student  will  obaorre  that  two  elemanta  must  bo  dia- 
arimiaated  io  a,  cougli.  The  first  of  theea  ia  the  exphiivi  ele- 
miml,  duo  lo  tho  sudden  oponing  of  the  valve  formed  by  the 
false  Dords  and  sutrounilinK  etructures ;  Qie  second  ia  the  vocal 
tlaaenl,  due  to  the  Kuh  □!  released  aii  between  Uie  true  ooriU 
(cM  Wyltie,  lac  eil.^ 
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by  irritation  of  the  peripheral  nerves,  whether  the 
source  of  the  irritation  be  found  in  a  disordered 
stomach  or  threadworms  in  the  rectum,  or  be  due  to 
disease  in  the  ear  or  to  the  discomforts  of  teething, 
or  take  origin  in  the  nerves  of  the  pregnant  uterus. 
Local  conditions  in  the  throat  may  be  the  cause  of 
most  troublesome  and  persistent  coughing,  and  a 
careful  observer  will  not  fail  to  look  for  granular 
pharyngitis  when  the  patient  complains  of  constant 
hawking,  or  for  a  relaxed  and  trailing  uvula,  more 
particularly  when  the  cough  starts  the  instant  the 
patient  lies  down. 

In  pleuHsyj  pneumonia  (associated  as  it  often  is 
with  more  or  less  pleurisy),  and  in  pleurodynia^  the 
cough  consists  of  solitary  dry,  hacking,  expulsive  efforts, 
suppressed  as  much  as  possible  to  prevent  unneces- 
sary pain,  but  repeated  frequently.  In  laryngitis  and 
croup  the  cough  may  be  simply  noisy,  but  more  often 
is  either  husky  of  stridulous.  When  the  lumen  of 
the  trachea  is  encroached  upon  by  a  mediastinal 
tu/mx)ur  or  an  aneurysm  there  is  generally  a  very 
resonant,  biassy  30ugh,  aptly  compared  to  the  cry  of  a 
gander.  When  once  heard,  this  is  almost  sufficient  to 
clinch  the  diagnosis  without  further  examination. 

In  hysteria  the  cough  is  often  loud  and  barking, 
and  gives  the  impression  of  being  produced  with 
the  view  of  attracting  attention.  Such  a  cough  is 
sometimes  associated  with  hysterical  aphonia.  Per* 
tussis,  when  it  is  fully  developed,  is  distinguished 
by  a  most  characteristic  cough.  There  is  first  a  long- 
drawn,  almost  stridulous  inspiration,  then  a  series 
of  short,  sharp,  expiratoiy  coughs,  which  follow  each 
other  with  extreme  rapidity.  The  face  turns  dark 
and  the  veins  grow  prominent,  the  child  clings  firmly 
to  any  support  it  can  find,  so  as  to  give  full  play 
to  the  accessory  muscles  of  respiration,  and  when  at 
last  the  fit  of  coughing  ends  it  is  followed   by  a 
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long-drawn  whooping  inspiration.  The  severity  of 
the  paroxysm  induces  vomiting,  and  sometimes  causes 
evacuation  of  the  bladder  and  bowel. 

Hiccough,  which  results  from  spasmodic  con- 
traction of  the  diaphragm,  is  a  common  enough  dis- 
order. It  may  be  due  to  trivial  causes,  such  as  an 
attack  of  indigestion ;  but  it  also  occurs,  and  that 
most  persistently,  in  many  serious  illnesses,  when  the 
symptom  may  become  one  of  considerable  gravity. 
Thus,  if  it  be  met  with  in  a  patient  whose  kidneys  are 
affected,  and  especially  if  the  occurrence  in  such  a  case 
follow  the  passage  of  instruments  to  relieve  stricture, 
there  is  ground  for  serious  api)rehension  as  to  the  issue. 

The  voice,  as  well  as  the  cough,  should  be  studied. 
The  chief  points  to  observe  are  its  strength, 
whether  it  is  clear  or  husky,  or  whether  aphonia 
exists.  The  voice  may  be  nasal  either  through  habit 
or  in  consequence  of  obstruction  in  the  upper  airways. 
A  distinction  should  be  made  between  open  and 
stopped  nasal  tones,  the  former  resembling  the  sound 
produced  when  the  mouth  is  kept  shut  during  phona- 
tion,  the  latter  that  heard  when  one  speaks  whilst 
holding  the  nose. 

Temperature.— The  hand  laid  upon  the  skin 
gives  a  certain  amount  of  information  as  to  the 
temperature,  especially  if  there  be  no  perspiration ; 
but  a  far  gfiore  accurate  guide  is  found  in  the  tJier- 
mometer,  whose  use  should  never  be  omitted.*  In 
taking  the  temperature  the  following  practical 
points  must  be  attended  to : — 

1.  The  thermometer  must  be  accurate  and  of  good 
quality.  To  insure  accuracy,  it  should  be  compared 
with   a  standard  instrument.     In    Britain    this    is 

*  Just  because  the  hand  takes  account  of  moisture  as  well 
as  of  the  actual  temperature,  it  may  convey  information  wliich 
the  thermometer  fails  to  impart— ^.^j.  the  **  pungent  **  dry  heat 
of  early  pneumonia  is  most  characteristic. 
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done  at  Kew,  and  certificates  are  issued  which  state 
the  error  of  each  individual  instrument.  In  process 
of  time,  however,  and  particularly  if  the  thermometer 
has  been  recently  made,  molecular  changes  occur  in 
the  glass  which  tend  to  make  the  reading  too  high. 
Such  changes  are  slight,  and  seldom  attain  a  value  of 
any  clinical  importance,  though  if  great  accuracy 
is  necessary  a  fresh  comparison  should  be  made  every 
two  or  three  years.  Also,  if  the  bulb  of  the  thermo- 
meter be  made  too  thin,  the  glass  will  yield  to  pressure, 
and  the  patient  may  either  purposely  or  accidentally 
compress  it  so  much  as  to  make  the  mercury  reach 
to  four  or  six  degrees  above  the  actual  temperature.* 

2.  The  thermometer  must  be  kept  in  position  long 
enough  to  allow  the  mercury  to  reach  the  body  tem- 
perature. Generally  it  is  well  to  exceed  the  period 
which  the  instrument  professes  to  require. 

3.  In  adults  the  temperature  is  taken  in  the 
mouth  or  in  the  axilla ;  in  young  children  the  ther- 
mometer should  be  placed  in  the  fold  of  the  groin, 
and  the  thigh  flexed  on  the  abdomen,  or  it  may  be 
inserted  into  the  rectum.  The  temperature  of  the 
mouth  and  rectum  is  generally  at  least  half  a  degree 
higher  than  that  of  the  groin  or  axilla,  but  in  old 
people  the  mouth  temperature  is  often  too  low,  and 
less  trustworthy  than  that  of  the  axilla.  When  taken 
in. the  latter  situation,  care  must  be  exercised  to  keep 
the  part  as  free  as  possible  from  persj)iracion,  both 
duiing  the  observation  and  for  a  few  minutes  before 
it.     Moreover,  the  arm  should  be  drawn  to  the  side 

*  Mr.  Hicks,  Hatton  Garden,  Loudon,  E.G.,  supplies  an  asep- 
tic thermometer  which  can  be  cleansed  in  plain  water,  as  there 
are  no  divisions  or  figures  on  the  stem  to  harbour  dirt  or  germs. 
The  graduations  are  engraved  on  the  case,  into  which  the  ther- 
mometer is  inserted  after  it  has  been  used,  and  this  possesses 
the  further  advantage  that  they  are  not  obliterated  by  the  re- 
peated cleansings  of  the  instrument,  as  so  frequently  happens  in 
those  of  the  usual  pattern. 
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for  a.  shoi-t  time  before  the  thermometer  is  inserted,  thftt 
theakinmaynothavebeencliilleclbyexposure  totlieair. 
4.  Before  inserting  the  thermometer,  moke  an 
invarinble  rule  of  wasliLng  it  in  lotion  or  in  cold 
water,  and  see  that  the  mercury  is  weJlsLaben  down; 
wash  it  again  before  replacing  it  in  its  case.  Iii 
Great  Britain  the  Fahrenheit  scale  is  used,  on  the 
Continent  tlie  Centigrade.* 

The  temperature  should  be  taken  at  Jiteed  time.g, 
twice  daily  when  possible,  and  ai.  shoi-ter  inten'ala 
when  fever  fluctuates  or  runs  high.  Times  that  are 
convenient,  and  that  fairly  represent  the  daUy  con- 
ditions, are  at  9  a.m.  and  T  p.m.  In  health  the 
temperature  has  a  daily  range  of  from  one  to  two 
degrees  Fahrenheit,  being  lowest  in  the  small  hours 
of  the  morning,  and  gradually  rising  to  attain  its 
principal  maximum  somewhere  about  live  or  six  p.m. 
Age  exercises  a  rather  marked  influence  on  the 
temperature.  In  children  it  varies  greatly  with  their 
time  of  life,  and  trivial  causes  produce  great  fluctna- 
tions.  On  the  average,  it  is  about  half  a  degree 
higher  than  in  adults.  In  the  very  old  it  is  also 
slightly  higher  than  in  middle  life,  unless  the  circula- 
tion is  weak,  when  the  temperature  may  be  con- 
siderably lower. 

In  diseased  conditions  marked  deviallons  n-om 
the  iiorinul  tcuiperatureareoften  present.  Tem- 
peratures may  be  classified  as  follows;  — 

Normflit       ...        98-— gg-P.  or  36-6— 3T-2''C. 

Hub-nomml  ...     below    SS^P.  or  bolow  iH-h'O. 

Collapse        ...    below    96"F.  or  halow  a.i'.i'C. 
above    SH'F.^or  nliove  ST-i't!. 

HypBrpyreiia      above  107'F."or  above  42'0°C. 

.  oompaiiaan  of  the  two  acaloB,  sea  Apjiendix  i,  p.  503. 
merely  npproiimatc.      Wanderlich 


laa  nKum  ^ven  ore  mrreiy  nppraiunaic.  vvBnaerucn 
9  a  rather  wider  ratint  for  Boimal  teiuperalui^s  thim  thoae 
I  above,  anil  tokiag  tne  mean  uomuil  tamperature  at  37°C, 
I  allow  a  range  of  Irom  36-2S' to  ST'S'O. 
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By  consecutive  observations,  taken  at  suitable 
intervals,  it  is  easy  to  determine  wLother  ati  abnormal 
temperature  is  constantly  present,  or  only  occurs 
Bt  inten'ala.  .  When  the  temperature  riaes  quickly, 
the  patient  feels  chilly  in  consequence  of  the  iueom- 
plete  response  of  the  vasomotor  mechanism  to  the 
new  conditiona,  and  in  marked  cases  rigors  occur. 
If,  however,  the   temperature    remains  continuously 
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or  (hcc:tie). 


riiigh,  the  i-igor  gives  place  to  a  feeling  of  heat,  coupled    | 

I  with   thirst,  headache,   and  a  rapid    pulse.     Tliia  is    i 

\  known  as    pyi'exia,    or   fever.     Jf  after  fever   the 

temperature  falls  rapidly,  or  if  during  the  fever  the 

extremities    are    chilled,    the    patient    suffers    from 

collapse,  when  the  pulse  is  small,  the  fe-atures  are 

pinched,  the  skin  is  moist  with  a  clammy  sweat,  and  the 

patient  suffers  froma  sinting  sensation  and  fromnausea. 

Tliere  are  three  principal  types  of  fever— the 

continued,    the    remittent,    and     the     intermittent, 

"WJien  fever  does  not  fluctuate  more  than  about  a 

d^-ee  and  a  halt  (Fahrenheit)  during  the  twenty- 
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1          four  hours,  and  at  no  time  touches  the  normal,  it       1 
ia    described     as    voiiliniied.       When    the    daily       1 
fluctuations    exceed    two    degreis,    it    is    known   aa        1 
remittent  (Fig.  ]);  and  when  fcvei- is  only  present        1 
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sevenil  hours  during  the  day  it  is  calleil  iuter-        1 

Icnf.     In    remittent    fever    the    evening    teni-        1 

perature  is  usuallv         V 

1 
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liigher    thnn      tlie 
morning    one,   but 
ill  Eome  casea,  not 
unfrequently  in 
philiisia,  this  type 
is  inverted,  and  tlie 
"ri'iiiission"occurB 
i„    the  evening, 
"liilsfc    there   is   a 
i.K.rning    "cxacT- 
bation."      Wht^n  a 
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Fever. 

euaaid  tobe  "qD«iidJnn"t  when  on  alteniato  ' 
fcjs,  "icriian";  when  two  days  intei-vene  between 
Ihsecutive  attacks,  "qunniin"  (Fig.  2),  A 
Uonble  lertinn*' is  tiie  name  applied  to  a  daily 
fever  wlien  the  paroxysms  occumiigon  the  first,  third, 
fifth,  and  following  odd  days  differ  from  those  of  the 
second,  fourtb,  sixth,  and  following  even  days  in 
hour    of  appearance,  in   severity,  or    in    character. 

The  course  ofn  fever 
is  divided  into  three  eta^ei 
— the  initial  or  pyrogenet 
"alodium  incrementi        tl  e 
Btage  of  fulldevelopmei  t  o 
"/luliffium  "  ;  and  the  "stag 
of  termination,  or  "slaii  uv 
ifewemend',"  When  the  fe  e 
ends    rapidly  it  is   sa  d    to 
resolve  by  "  crisis  "( F  J,  1) 
when  gradually,  by     tysin 
(Fig.  4).     Not  seldom    rib 
'    ]  by  a  short   b 
e  of  teniperat 


L    (AfliT  WundnrlUli.) 


accompanied  L 

by  delirium  ;  it  la  aoi 

followed  by  collapse 

In  the  study  of  any  case  of  fc  er  the  points  which 

to  be  observed  are  whether  the  type  is  one  of 

ithy^and  indifference,  or  of  reatlesanesa  and  twitoii- 

whether,  and  if  ao  liow  far,  the  sensoriiim  has 

involved ;  what  tlie  height  of  the  temperature  is, 

what  its  course  has  been  ;  what  are  the  rale  and 

'aober  of    the  pulse ;    whether  ibe  skin  is  moist 

dry,  or  exhibits  any  eruption ;  and  which  of  the 

icera  or  secretions   are   characteristically  aHected. 

Tlie  explanation  of    these    points  may  be  found  in 

works  on  medicine,  but  their  true  8ign.i6cance  can 

onl;^  be  learned  at  the  bedside.  { 
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^^1  Aliuentarv  System  a^d  i 

^^  SECTION    I.— THE    MOUTH,    THROAT 

^^  AND    (ESOPHAGUS. 


1   AUDOUEN.  ^^^ 


Tito  uiouih.— For  tlie  exomination  of  tlje 
mouth  the  patient  should  tie  placed  facing  a  good 
light.  If  artificial  light  is  used  it  should  be  thrown 
into  the  mouth  by  meniiB  of  a  reflector.  A  pieoo  of 
candle  wrapped  in  blotting-paper  and  hold  in  front  of 
a  bright  spoon  forms  a  good  extemporised  light  and 
reflector. 

Lips. — Note  the  colour  of  the  lips.  They  ore 
blue  in  cyanosis,  pale  in  annsmia.  Note  the  preEence 
of  any  cruata,  fissures,  or  ulcers.  The  lipa  should  be 
everted  in  order  to  permit  of  an  examination  of  their 
inner  surfocea.  Herpes  of  the  lips  is  often  seen  in 
intlammatory  conditions  of  the  air-poBsagcH  and  lungs, 
especially  in  croupous  pneumonia. 

Tlic  Icclh.— The  temporary  iceth  are  cut  in  the 
following  order ; — 

First, — The  two  lower  central  incisors,  sixth  to 
eighth  month. 

Second. ^ — Tlie  tour  upper  incisors,  eighth  to  tentii 
month. 

Third. — The  lower  lateral  incisors  and  all  the  front 
molai-s,  twelfth  to  fourteenth  mouth. 

Fouilh. — The  canines  (upper  first),  eighteenth  to 
twentieth  month, 

Fifth. — Posterior  molars,  at  two  to  two  ond  b  half 

The  permaJient  teeth  appear  as  follows :- 
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Lateral  incisors  at  eight  years. 
Bicuspid  ^anterior)  at  nine  years. 
Bicuspid  (posterior)  at  ten  years. 
Canines  at  eleven  to  twelve  years. 
Second  molars  at  twelve  to  thirteen  years. 
Third  molars  at  seventeen  to  twenty-five  years. 
The  following  table  shows  the  relations   of   the 
permanent  and  temporary  teeth  : — 


Temporary! 


M.       a        L 
Upper    2        12 


Lower    2 


L        a       M. 
2        12 


1        2^ 


^20 


Permanent  4 


M.     Bl.     0.      I. 

(Upper     3     2     12 


(Lower     3     2     12 


L      c.     Bi.     M. 

2     12     3 


2     12     3) 


1 32 


The  presence  of  any  irregularity  or  defect  or 
carious  disease  in  the  teeth  should  be  noted.  It 
should  be  observed  whether  there  is  any  exposure 
of  their  roots,  or  whether  they  are  surrounded  with 
tartar.  Grinding  of  the  teeth  leads  to  bevelling  of 
their  edges;  this  is  specially  found  in  young  children. 
The  presence  of  "  Hutchinson's  teeth  '*  is  important 
as  affording  evidence  of  congenital  syphilis.  In  this 
condition  the  two  central  upper  permanent  incisors 
are  at  a  higher  level  than  the  adjoining  teeth ;  they 
are  rounded  in  section  and  slope  inwards  below,  they 
are  broader  nearer  the  gum  than  at  the  crown,  so  as 
to  be  peg-shaped,  and  they  present  a  semi-lunar  notch 
at  their  ends.  They  are  usually  discoloured  as  well. 
In  the  same  condition  the  molars  tend  to  be  dome- 
shaped. 

The  gums. — Their  colour  should  first  be  noted. 
In  lead  poisoning  a  blue  line  can  often  be  observed 
running  along  the  gum  near  the  insertion  of  the  teeth, 
and  especially,  perhaps,  on  the  gum  between  the  teeth. 
In  copper  poisoning  a  gi'eenish  line  can  sometimes  be 
seen  in  a  similar  position.     The  gums  may  be  swollen 
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and  spongy  in  acurvy.  They  are  aometimea  retracted 
or  ahow  ulcerationa  or  htemorrhagea.  Ulcers  and 
hsemoi'rliagea  may  also  be  olisen-ed  in  tlie  buccal 
mucous  memliranc  in  var  ous  conditions. 

The  tongue  —Ask  tlie  patient  to  protruiJe  it. 
Note  if  it  13  put  out  ID  a  straight  lino.  Obaerve 
its  size  and  ahape,  whether  broad  or  pointed.  LooJt 
for  tremulousneas  of  the  whole  tongue  and  for  fibril- 


i)— llie  ^lnglla  of  Llirabh; 


Ury  twIUshing  of  it.  Kote  in  the  dorsum  (1)  its 
colour  ;  is  it  pale,  red,  or  discoloured  1  (2)  Is  it  dry 
or  moist  1  (3)  The  presence  or  absence  of  fur;  tba 
colour  and  distribution  of  tlio  latter  should  be  noted. 
(4)  The  character  of  tlio  pajiilia:.  (5)  I'he  under  sur- 
face of  the  tongue — a  suiall  ulcer  on  tlie  fnenuiu  is 
Bofiietinies  seen  in  pei-sisteut  coughing,  and  particu- 
larly in  whooping  cougU.  Lastly  (6),  observe  the 
of  the  Co:igue.  Look  for  ulcere,  indentations 
iG  teetli,  et«.,  on  them. 
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The  presence  of  thrush  may  sometimes  be  observed 
on  the  surface  of  the  buccal  mucous  membrane,  espe- 
cially in  children.  It  presents  the  appearance  of 
small  white  points  or  patches  raised  somewhat  above 
the  surrounding  surface,  which  is  sometimes  redder 
than  normal.  Patches  of  thrush  are  very  apt  to  be 
mistaken  for  small  milk  curds.  They  may  be  distin- 
guished by  the  fact  that  milk  curds  can  be  easily 
detached,  while  thrush  patches  can  only  be  removed 
with  difficulty,  and  when  removed  are  apt  to  leave 
behind  a  raw  surface.  To  search  for  the  fungus 
(saccharomyces  albicans)  a  small  piece  of  the  patch 
should  be  scraped  off  and  examined  in  a  drop  of 
glycerine.  A  quantity  of  epithelial  debris^  along 
with  bacteria  and  leucocytes,  will  be  seen,  and 
mixed  up  with  these  the  filaments  of  the  fungus. 
These  consist  of  long  but  unequal  segments,  each 
usually  possessing  a  refractile  nucleus  at  each  end 
(Fig.  5). 

The  palate,  fauces,  and  pharynx. — Intro- 
duce a  tongue  depressor,  and  note  first  the  general 
colour  of  the  soft  palate,  fauces,  and  pharynx ;  ob- 
serve any  abnormal  degree  of  pallor  or  redness.  The 
yellow  tinge  of  jaundice  often  lingers  long  on  the 
soft  palate,  and  in  commencing  measles  a  patchy  red- 
ness can  be  made  out  very  early  in  the  same  situation. 
Note  the  presence  of  any  ulcers  or  mucous  patches  on 
the  palate,  fauces,  or  tonsils.  Look  carefully  at  the 
tonsils,  noting  any  enlargement  of  them.  Yellowish 
or  greyish  points  or  patches  may  sometimes  be  seen 
on  their  surface.  Try  whether  these  can  be  wiped 
off,  leaving  a  sound  surface,  as  is  the  case  with  ac- 
cumulated follicular  secretion,  or  whether  removal 
leaves  behind  a  raw  surface,  as  happens  with  the  false 
membrane  of  diphtheria.  Note  always  whether  or 
not  the  soft  palate  and  uvula  show  any  similar  spots 
or  patches.  Next  look  at  the  pharrnx.  The 
s 
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presence  upon  its  eurfaee  of  a  number  of  flat  adenoid 
Bweltinga,  somewhat  resembling  aago  graitiB,  is  so 
common  aa  to  be  almost  a  normal  nppearaiice.  In 
granular  pliaryngitis  these  are  much  increased.  A 
few  di!at«i  venules  can  also  be  frequently  observed. 
Note  the  presence  of  any  puB  or  escess  of  mucus 
on  the  surface,  and  the  existence  of  any  ulceration. 
In  retro-pharyngeal  abscess  the  posterior  wall  of  the 
pharynx  is  bulged  inwards.     Sometimes  this  can  be 

e  easily  made  out  by  palpation. 

Tbe  breath. — The  character  of  the  breath  may 
I  noted  at  this  stage.  If  it  is  oflensive,  ask  the 
tatient  to  breathe  out  first  through  the  nose  only,  and 

1  through  the  mouth,  and  observe  whither  the 

ir  is  present  on  both  occasions  or  not.  This 
affords  an  indication  as  to  whether  the  soui-ce  of  the 
odour  is  in  the  nose  or  mouth  only,  or  whether  it 
is  lower  down  than  either.  If  the  odour  proceeds 
from  the  nose,  make  a  rhinoscopic  examination  (p.  526), 
looking  especially  for  the  preseacc  of  a  foreign  body 
or  for  evidence  of  atrophic  rhinitis  or  other  local 
disease.  Bad  teeth,  ulcerations  of  the  gums  or  mucous 
membrane,  and  enlarged  tonsils,  accompanied  by 
retention  and  decomposition  of  secretion  in  their 
follicles,  are  the  commonest  sources  of  oBensiveness 

ithe  mouth. 
In  gangrene  of  the  lung  tlie  breath  has  a  putrid 
lell.     In  bronchi ectnais,  also,    it   has   a  peculiarly 
biisive  odour  only  to  be  recognised  by  ox|jerioiice. 
elor  due  to  pulmonary  conditions  is  best  brought 
t  by  asking  the  patient  to  cough. 
Slighter  degrees  of  ofiensiveneaa  may  bo  due  to 
Bti'ic  disorder  or  to  prolonged  constipation. 
In  unemia  tlie  breath  has  a  urinous  or  ammoniucal 
our.     In  diabetes  it  is   sweetish,    like   new-mown 
y.     In  cBsea   where  diabetic  coma   is  impending, 
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turpentine,  creosote,  paraldehyde,  etc.,  impart  their 
characteristic  odours  to  the  breath,  while  in  the  case 
of  patients  who  are  taking  bismuth  a  garlicky  odour 
can  often  be  observed.  Iodides  produce  a  peculiar 
foetor. 

The  (Esophagus. 

Special  ftnatoniy. — The  oesophagus  is  from 
9  in.  to  10  in.  long.  It  begins  opposite  the  cricoid 
cartilage,  and  ends  opposite  the  ninth  dorsal  spine. 
It  is  crossed  by  the  left  bronchus  between  the  fourth 
and  fifth  dorsal  vertebrsB. 

Exploration  of  tiie  CBSopiiagus.  —  This  is 
done  in  cases  in  which  there  are  signs  of  stricture.  It 
is  best  carried  out  by  means  of  a  stomach  tube.  The 
latter  should  never  be  passed,  however,  unless  one  has 
first  excluded  the  possibility  of  the  existence  of  an 
aneurysm.  It  should  also  be  avoided  in  cases  where 
there  has  been  any  recent  hsematemesis. 

It  is  best  to  use  a  long,  red  rubber  stomach  tube, 
No.  20  or  21  in  the  English  scale.  It  should  be  at 
least  a  yard  long — not  too  thin  in  the  wall,  rounded 
at  the  end,  and  with  at  least  one  large  eye.  Previous 
to  being  used,  it  should  be  thoroughly  cleaned,  and 
then  dipped  in  hot  water ;  oil  is  unnecessary. 

If  the  pharynx  is  very  irritable,  it  may  bo 
anaesthetised  with  cocaine,  either  by  painting  or  by 
giving  the  patient  a  pledget  of  wool  to  suck,  soaked 
in  a  5%  solution,  and  directing  him  to  keep  the  saliva 
at  the  back  of  the  mouth.  After  the  lapse  of  five 
minutes,  one  can  proceed  to  pass  the  tube. 

The  patient  should  be  sitting  up,  with  the  head 
slightly  bent  forwards.  His  mouth  is  open,  but  the 
tongue  not  protruded.  The  physician  grasps  the  tube 
in  his  right  hand,  and  passes  it  back  in  the  middle 
line  to  the  posterior  wall  of  the  pharynx.  It  is  not 
usually  necessary  to  introduce  »  finger  into  the  mouth 
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in  onier  to  guide  the  tube,  as  there  is  no  real  danger 
of  enteiing  ttie  larynx.  Tlie  patient  is  then  toid  to 
Bwallow,  and  the  tube  is  "  payed  out "  until  it  reaches 
tbe  stomacli,  or  until  it  is  permanently  arrested. 
Whilst  this  is  going  on  the  patient  should  be  told  to 
breathe  freely  through  hia  nose. 

During  this  manipulation  one  has  to  look  out  for 
the  following  :  (1)  Fain  on  passing  the  tube  ;  its  site 
should  be  noted.  (2)  The  presence  of  an  obstruction. 
If  the  tube  is  arrested,  one  must  not  conclude  all  at 
once  that  a  strictura  exists.  Frequently  the  tube  is 
seized  by  a  muscular  spasm  of  tlie  msophagus.  On 
(Waiting  for  a  moment,  however,  this  always  passes  off. 
.If  a  permanent  obstniction  be  diacovei-cd,  one  has 
to  attempt  to  localise  it.  The  commonest  sites  for  a 
stricture  are — (a)  At  the  entrance;  this  is  6  in.  from 
the  iucisor  teeth.  (6)  Wbere  the  cesophagus  is  crossed 
by  the  left  bronchus ;  this  ia>  8  in.  to  9  in.  from  the 
teeth,  (c)  At  the  cardiac  orifice ;  this  ia  about  17  in. 
from  the  teeth. 

It  is  interesting  to  note  that  these  are  also  the 
positions  in  which  aome  normal  narrowing  of  the 
oesophagus  exists. 

(3)  One  has  to  look  ior  diverticula  Theexisteacs 
of  such  should  be  suspected  when  the  tube  passes  very 
regularly  at  one  time,  but  it  is  obstructed  at  another. 

The  presence  of  any  blood  on  the  tube  after  its 
withdrawal  is  an  indication  of  the  presence  of  ulcera- 
tion. Sometimes,  also,  fragments  of  new  growth  can 
be  detected  in  the  eye  of  the  tube. 

Ansculiaiion  ol  the  oesapliaicus. — This  is 
done  in  order  to  note  the  presence  or  absence  of  the 
sound  produced  by  swallowing.  In  order  to  auscultate 
the  oesophagus  in  the  nect,  the  stethoscope  should  be 
placed  at  the  left  side  of  the  trachea.  In  the  upper 
part  of  the  thoracic  course  of  the  wsophagua  (as  far  as 
the  6th  doraol  vert«bra)  it  should  be  placad  Just  to  tlt« 
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left  of  the  dorsal  spines,  and  below  this  just  to-  their 
right.  The  patient  is  told  to  take  a  mouthful  of  water, 
and  to  retain  it  until  told  to  swallow.  When  he 
swallows,  one  hears  a  noise  similar  to  that  heard  in 
one's  own  ear  on  swallowing  saliva.  The  higher  up 
one  listens,  the  louder  is  this  sound.  If  an  obstruc- 
tion is  present,  the  sound  is  either  not  heard  at  all 
below  that  point,  or  it  is  greatly  delayed. 

SECTION  II.— THE  ABDOMEN. 

Anatomy. — The  natural  lines  on  the  surface  of 
the  abdomen  are  (I)  the  linea  alba  ]  (2)  the  linesa 
semilunares  ;  (3)  the  liue«  transversse. 

The  linea  alba  is  often  selected  as  the  site  of 
puncture  in  tapping  the  abdomen.  The  structures 
lying  behind  it,  from  above  downwards,  are  (a)  the 
left  lobe  of  the  liver,  extending  to  about  three 
fingers'  breadth  below  the  ensiform ;  (6)  part  of  the 
stomach,  unless  when  empty ;  (c)  the  transverse 
colon,  reaching  as  low  as  the  umbilicus ;  {d)  coils  of 
intestine  covered  by  omentum  ;  (e)  the  bladder  when 
distended,  and  the  uterus  when  pregnant. 

The  linea  semilunaris  runs  from  the  lowest  part 
of  the  seventh  rib  to  the  spine  of  the  pubes.  It  is 
about  three  inches  from  the  umbilicus,  but  lies 
farther  out  when  the  abdomen  is  distended.  The 
gall  bladder  lies  just  to  the  outer  side  of  the  linea 
semilunaris  of  the  right  side. 

Of  the  linece  transversa}  one  is  opposite  the  um- 
bilicus, another  at  the  ensiform,  and  a  third  midway 
between  these  points.  In  addition  to  these  markings, 
the  abdomen  has  been  artificially  divided  into  regions 
by  means  of  vertical  and  horizontal  lines.*  The  vertical 

*  In  describing  the  regions  of  the  abdomen  we  have  followed 
Quain..  We  shoiud  like,  however,  to  point  out  that  for  clinical 
purposes  the  interspinous  line,  drawn  between  the  two  anterior 
superior  iliac  spines,  has  many  advantages  over  the  bi-iliac. 
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drawn  upwards  from  the  tiiid-point  of  PoU- 
part's  ligament  on  each  side.  The  transverse  lines  are 
(1)  the  infracostal,  drawn  across  horlzontiiUy  at  the 
Itivel  of  the  lowf>Bt  points  of  the  10th  costal  cartilages, 
and  (2)  the  bi-iiiac,  between  the  moat  prominent  points 
of  each  iliac  crest.  Nine  regions  are  thus  marked  off 
in  three  vertical  rows.  Those  in  the  middle  row 
are,  from  ahove  downwards,  the  e[iigastric,  umbilicid, 
and  hypogastric,  and  in  each  latera!  row  we  have 
the  (right  or  left)  hypochondriac,  lumbar,  and  iliac 
regions.  The  contents  of  these  regions  are  exhibited 
in  the  annexed  table. 

The  umbilicus  is  1^  in.  to  1 J  in.  above  the  level 
of  tlie  bi-iliac  line,  and  lies  opposite  the  upj>er  part 
of  the  4th  lumbar  vertebra.  Its  position  is  far  too 
variable  for  it  to  be  a  trustworthy  landmark. 

The  aorta  bifurcates  about  ^  in.  below  and 
slightly  to  the  left  of  the  uiiibilicuE,  the  iliac  arteries 
running  in  a  line  ditiwn  from  that  point  to  the 
middle  of  Poupart's  ligament. 

Tlie  cceliac  axis  aiises  at  a  point  41  in.  to  5  in. 
above  the  umbilicus,  and  the  renal  arteriea  about  an 
lower  than  the  cceliac  axis. 
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The  patient  should  be  lying  on  his  back  in  a  good 
light.  The  abdomen  is  exposed  by  turning  down  all 
the  bedclothes  except  the  inner  sheet.  The  night' 
iliirt  should  then  be  drawn  up,  and,  lastly,  the  sheet 
folded  down  a  little  above  the  level  of  the  pubea. 
Tliese  dtitails  are  of  especial  importance  in  the  case  of 
((■male  patients.  Before  beginning  the  examination 
of  the  abdomen,  make  sure  that  the  bladder  is  empty. 
If  necessary,  a  catheter  must  be  passed. 

Inspecllon  of  nbdomfn.— I»ok  first  at  the 
ineral  contour  of  the  abdomen,      la   it  of   normtd 
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fulneaa,  is  it  swollen  or  protulierant,  or  is  it  sunlrrai 
ov  retracted  1  If  there  is  any  bulging,  note  if  it  be 
general  or  local.     General  fulness,  it  lias  been  epi- 

»  grammatically  remarked  by  Professor  Wyllie,  may  be 
.due  to  "  fat,  fluid,  or  flatus."  If  one  weve  to  venture 
ltoi|iprove  upon  this,  it  would  be  to  add  "  fcetua"  as 
lii^Bbility  in  tlie  case  of  women.  It  mnsb  further 
be^TOeniliered  that  a  Ttetv  growl/i  may  also  be  a  cause 
of  general  abdominal  tumidity.  Tlio  mode  of  dis- 
tinguishing these  conditions  «will  be  considered  when 
we  come  to  ascites.  In  general  bulging  it  should  be 
noted  whether  the  distens-ion  is  moat  marked  in  the 
antero-posterior  or  io  the  transverse  diameter. 

If  the  bulging  be  merely  local,  observe  in  which 
sone  it  ia  situated.      Is  it  above  or  below  the  level  of 

*;tbe  umbilicus,  and  in  which  of  the  abdominal  regions 
'Sa  it  most  marked  !  Lastly,  note  if  there  ia  any  move- 
ment to  be  seen  in  the  swelling,  either  along  with  or 
independently  of  respiration. 

Pulsation  In  the  eplg-astric  region  is  a 
phenomenon  which  may  be  noticed  on  abdominal 
inspection,  apart  from  any  bulging  in  that  region. 
The  causes  of  it  are  (1)  distension  of  the  right 
ventricle  {see  p.  117);  (2)  venous  pulsation  of  the 
liver ;  (3)  aortic  pulsation.     The  last  is  a  condition 

kirhich  is  very  frequently  obsei-ved  in  nervous  subjects, 
especially  women.  The  cause  of  it  is  obscure.  It 
jnay  be  distinguished  from  right  ventricle  pulsation 
jby  being  situated  somewhat  to  the  left  of  the  middle 
Jine,  by  the  fact  that  it  can  usually  be  ti-aced  down- 
iwarda  towards  the  bifurcation  of  the  aorta,  and  by  its 
jieing  not  quit«  synchronous  with  the  apex  beat,  but 
'Bomewhat  delayed.  (4)  Transmitted  pulsation  from  a 
tumour  overlying  the  aorta.  (5)  Aneurysmal.  This 
is,  perhaps,  the  least  common  cause  of  epigastric 
pulsation.  The  pulsation  in  this  case  is  expansile,  a 
fact  which  can  best  be  elicited  by  placing  the  narrow 
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ends  of  two  stethoscopes  one  on  each  side  of  the 
swelling,  and  observing  if  the  other  ends  move  apart 
at  each  impulse. 

The   movements  of  the  abdominal  uralls 

should  be  studied.  Normally,  they  bulge  during 
inspiration,  and  fall  in  again  during  expiration.  In 
paralysis  of  the  diaphragm  the  reverse  holds  true  \ 
sometimes  the  paralysis  is  unilateral,  in  which  case 
one  side  of  the  abdomen  will  move  naturally.  Ces- 
sation of  movement  of  the  al)dominal  walls  is  a 
valuable  sign  of  peritonitis. 

Sometimes  peristaltic  waves  are  visible  through 
the  abdominal  wall.  This  is  especially  apt  to  be  the 
case  in  chronic  intestinal  obstruction.  The  coils  of 
intestine  above  the  constricted  part  then  stand  out 
prominently.  From  this  a  definite  "  pattern "  of 
abdominal  tumidity  results,  depending  on  the  site  of 
the  obstruction.  If,  for  example,  there  be  a  constric- 
tion at  the  ileo-csecal  valve,  the  distended  coils  of 
small  intestine  may  often  be  observed  standing  out  in 
the  centre  of  the  abdomen  one  above  the  other,  so  as 
to  form  a  "ladder  pattern."  On  the  other  hand,  if 
the  obstruction  be  low  down,  say  in  the  sigmoid 
flexure,  the  pattern  of  tumidity  is  one  in  which  the 
periphery  of  the  abdomen  is  chiefly  aflected.  A  dilated 
stomach  may  also  stand  out  as  a  prominent  tumour  in 
which  peristaltic  waves  are  visibla  The  direction  of 
such  waves  should  always  be  noted.  If  absent,  they 
can  often  be  elicited  by  flicking  the  surface  with 
a  wet  towel,  or  by  merely  sharply  tapping  it  with 
the  finger.  Peristaltic  waves  in  the  stomach  run 
from  left  to  right;  those  in  a  distended  trans v^erse 
colon  from  right  to  left.  This  may  sometimes  be  of 
diagnostic  value. 

Attention  should  next  be  paid  to  the  surface  of 
tiie  abdomen.  In  great  distension  the  surface  is 
smooth    and    glossy.       Strise    (white    lines    in    the 
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epidermis)  should  l>e  looked  for  ;  they  indicate  former 
disbension.  Note  any  diateuaioii  of  the  surface 
endeavour  to  ascertain  in  what  direction 
the  blood  in  thcra  is  flowing.  In  obstruction 
of  the  inferior  vena  cava,  the  inferior  epigastric 
veins  are  full  from  the  establishment  of  a  collateral 
circulation.  In  auch  cases  also  a  large  lateral  vsin 
g  up  about  the  miil-axU!ary  line, 
and  thus  establishing  a  communication  with  the  brtbu- 
tariea  of  the  superior  vena  cava.  In  portal  obstruc- 
tion a  number  of  distended  veins  may  often  be  seen 
radiating  out  from  the  umbilicus.  To  this  appear- 
ance the  term  "caput  medusffi"  has  been  applied. 
It  is  due  to  establishment  of  a  connection  between 
the  porta]  and  parietal  veins  by  means  of  the  roimd 
ligament.  Pigmentation  of  the  abdominal  wall  is 
sometimes  important.  Along  the  middle  line  it  forms 
the  linea  nigra — one  of  the  signs  of  pregnancy. 
Note  the  appesj-ance  of  the  unibiliciia.  Is  it  de- 
pressed, level  with  the  surface,  or  bulging  'i  Is  there 
any  excoriation  around  it)  Lastly,  one  should  never 
omit  to  look  at  the  usual  sites  for  any  evidence  of 
hernia. 

Palpntion   of  Uie    abdomen. — The   patient 
Bhould  be  on   his    back,    with   the   knees  drawn   up, 
and    the    shoulders    a    little     raised.       He    should 
be  told  to  keep  the    mouth    open    and  to  breathe 
quietly,  or  his  attention  may  be  diverted  by  conver- 
sation.    The  hand  of  the  physician  must  bo  warm. 
Ordinary  palpation  ahoald   be    performed   with   one 
hand  only.     In  order  to  gain  the  confidence  of  the 
patient's    abdominal    muscles,  the    hand    should    be      | 
allowed  to  rest  for  a  moment  on  the  surface  of  the      I 
abdomen    before    palpation    is    actually  commenced.      I 
Each    region    should    be     palpated     systematically.      J 
Poking  with  the  linger  tips  should  be  avoided,  the      I 
best  movement  being  a  gentle  one  from  the  metacarpo-   J 
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phalangeal  joints.  During  expiration  the  receding 
abdominal  wall  should  be  followed  by  the  fingers, 
and  a  gentle  rotatory  motion  of  the  finger  tips  may 
then  be  carried  out.  It  often  enables  one  to  feel  the 
deeper  structures  better  than  one  can  do  by  simple 
pressure.  In  examining  the  lateral  regions  of  the 
abdomen,  bimanual  palpation  is  often  of  service.  The 
physician  should  sit  or  kneel  by  the  bedside.  One 
hand  is  placed  posteriorly  in  the  interspace  between 
the  last  Yib  and  the  crest  of  the  ilium.  The  other  is 
placed  over  the  abdominal  wall  in  front.  The  posterior 
wall  is  then  pushed  up  against  the  hand  in  front,  so 
that  any  structure  lying  between  the  two  hands  can  be 
distinctly  felt.  The  secret  of  the  method  consists  in  keep- 
ing the  front  hand  as  still  as  possible.  This  procedure 
is  of  special  value  in  the  examination  of  the  kidneys. 

The  first  thing  to  notice  in  palpation  of  the  abdo- 
men is  the  degree  of  tension  of  the  walls  and  of 
resistance  experienced.  Normally,  the  abdomen  has 
an  elastic  or  doughy  feeling  only  to  be  learnt  by 
practice.  In  disease  the  resistance  may  be  increased. 
It  should  be  observed  whether  this  increase  is  general 
or  local.  General  peritonitis  produces  a  great  increase 
in  the  resistance  from  a  refiex  contraction  of  the 
muscles  of  the  abdominal  wall.  Local  increase  in 
resistance  is  very  frequently  due  to  localised  periton- 
itis, and  is  often  of  great  diagnostic  value.  Palpa- 
tion of  the  normal  abdomen  is  painless.  If  tenderness 
is  elicited,  its  exact  extent  and  point  of  maximum 
intensity  should  be  noted.  Anything  of  the  nature 
of  a  tumour  should  be  carefully  felt  for.  In  doing 
this,  confusion  is  apt  to  be  brought  about  by  the 
recti.  The  thickening  produced  by  parts  of  these 
may  easily  simulate  a  tumour.  If  this  source  of 
fallacy  be  suspected,  try  if  the  fingers  can  be  got 
under  the  edge  of  the  muscle,  and  feel  if  it  thickens 
as  the  patient  raises  himself  in  bed. 
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it  be  decided  that  a  luniDur  is  really  present^ 
iS  first  to  determine  whether  it  is  situated  iiiaide 
)  ahdomen  or  in  the  abdominal  wall.  Try,  there- 
\  to  move  the  abdominal  wall  from  side  to  side 
r  the  tumour.  If  the  growth  be  intra-abdominal, 
\  can  usually  be  done  without  difficulty,  noleas  it 
s  contracted  adhesions  to  the  jiarietal  peritoneuni. 
Fry  also  to  graap  the  ttimour  and  to  make  the  fingers 
\  as  it  were,  under  it.  This  can  usually  be 
iiiplishod  in  the  case  of  tumours  situated  wholly 
a  the  aUIominal  wall. 

Supposing  the  tumour  to  be  intra-abdominal,  the 
rst  question  to  be  settled  ia — Where  is  it  growing 
roml  and,  especially,  is  it  coming  up  out  of  the 
^}elvis,  or  is  it  truly  abdominal  1  To  decide  this  the 
«dge  of  the  hand  should  be  pushed  back  about  an 
inch  below  tlie  unibilic\is,  and  in  the  direction  of  tfie 
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then   feel 


.  whether  the  tumour  ia  passing  down  into  the  pel* 
Lor  not     The  size  and  shape  of  the  tumour  should  next 

lotcid,  and  the  nature  of  its   surface — whether 

3th  or  nodular.  The  presence  or  absence  of  fluc- 
tuation should  then  be  investigated. 

The  mobility  of  a  tumour  is  a  very  important 
soint  to  determine.     The  directions  in  which  it  can 

moved  should  be  noted,  and  whether  it  is 
(ttflucnccd  by  respiration.  The  latter  is  a  point  of 
'jiecisl  value.  Tumours  connected  with  the  livei- 
lud  spleen  move  freely  with  respiration.  Tumoura 
!  tho  kidney  may  be  slightly  movable ;  those  con- 
nected with  the  other  abdominal  organs  do  not  move 
with  respiration  at  all  unless  they  Lave  contracted 
adLesions. 

In  palpating  the  abdomen,  the  existence  of  aplaeh- 
intf  or  gurgling  at  any  points  should  be  looked  for, 
Splashing  is  often  found  over  a  dilated  stnmach,  but 
w  only  i5  diagnoatic  vriiie  if  it  caa  b»  elicited 
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hours  after  the  swallowing  of  food.  Gurgling  is  pro- 
duced by  the  passage  of  gas  and  fluid  through  con- 
stiicted  parts  of  the  alimentary  ti-act.  It  may  thus 
be  felt  at  the  pylorus,  especially  if  stenosed,  or  over 
strictures  of  the  intestines. 

Finally,  the  umbilicus  should  be  examined.  In 
malignant  disease  of  the  liver  the  umbilicus  often 
becomes  early  infiltrated,  and  this  sign  has  proved 
of  great  diagnostic  value.  The  infiltration  can  often 
be  recognised  by  its  producing  a  "  mooring "  of  the 
umhilicus — ^just  as  a  scirrhus  of  the  mamma  does  of 
the  nipple. 

In  conclusion,  we  have  to  remark  that  in  obscure 
cases  of  abdominal  disease  palpation  in  the  knee- 
elbow  position,  and  under  an  anaesthetic,  should  never 
be  omitted.* 

Percussion  of  abdomen. 

Percussion  should  be  carried  out  in  the  same 
manner  as  will  be  described  for  the  chest.  We 
would  point  out,  however,  that  in  abdominal  percus- 
sion the  "  flicking "  method  is  extremely  serviceable 
in  detecting  slight  degrees  of  dulness — e,g,  in  making 
out  the  lower  edge  of  the  liver.  In  carrying  out  this 
method  the  forefinger  of  the  left  hand  is  placed  firmly 
on  the  abdomen,  with  the  palmar  aspect  uppermost, 
and  is  then  sharply  "  flicked  "  with  the  middle  finger 
of  the  right  hand.  Percussion  of  the  normal  abdomen 
yields  a  resonant  note  throughout,  except  in  the 
regions  of  liver  and  splenic  dulness,  or  over  a  full 

*  Examination  of  the  patient  in  a  hot  bath  has  recently  been 
recommended  as  of  even  ^eater  value  than  the  use  of  an  an- 
eesthetic  in  obscure  abdommal  cases,  besides  being  safer.  The 
patient  gets  into  the  bath  at  100°  F.,  and  the  temperature  is 
rapidly  raised  by  the  addition  of  very  hot  water  until  110"  F. 
is  reached.  Complete  relaxation  oi  the  abdominal  wall  is 
usually  brought  about  at  this  temperature  in  five  or  ten  minutes, 
but  in  some  instances  one  may  require  to  go  up  to  120*  F. 
beloro  Xk^  d^e4  result  i3  obt^med. 


Alimentahv  System. 

~  Madder. 
depends  > 

(a\  The  depth  of  the  air  apace. 
(b)  The  tension  of  the  containing  wall. 
A 8  these  two  factors  are  of  almost  equal  impoi't- 
ance,  and  as  eacli  of  them  varies  greatly  in  the  Bane 
viscus  at  different  times,  the  reader  will  readily 
understand  that  it  is  a  mistake  to  dogmatise  about 
the  relative  pitch  of  the  note  yielded  by  the  various 
hollow  viscera.  The  presence  of  free  gaa  in  the 
peritonea]  cavity  causes  the  normal  liver  and  spleen 
dulness  to  disappear. 

If  any  abnomial  dulnees  be  delected,  the  chief 
point  to  he  determinod  regarding  it  ia  whether  it  is 
constant  in  position  or  shifts  with  alterations  in  the 

'  ,  position  of  the  patient.     This  will  bo  more  fully  dia- 

E<vussed  when  we  come  to  speak  of  ascites. 

K        Hydatid  cysts  yield  on  percussion  a  special  kind 

1  ol  vibration  called  the  "  hydatid  Uwill."  To  elicit  it 
three  Itngers  should  be  placed  over  the  cyst,  and  the 
middle  one  firmly  percussed,  the  percussing  finger 
being  allowed  to  rest  for  a  moment  aft«r  each  stroke. 
An  "  after-thrill "  will  then  be  experienced  in  the  two 
adjacent  fingers.  It  should  be  added  that  the  sign  ia 
absent  in  about  half  the  cases  of  hydatid  cyst. 
Auscultation  or  abdomen. 
Auscultation  is  not  of  much  service  in  the  exami- 
nation of  the  abdonien.  It  is  best  to  carry  it  out  by 
means  of  a  binaural  stethoscope.  In  the  region  of  the 
stomach  one  may  listen  for  swallowing  sounds,  bub- 
bling and  splashing  (to  be  described  later),  or  for 
abnormal  conduction  of  heart  sounds.  Elsewhere  one 
may  hear  friction  sounds — from  the  presence  of  lymph 
on  the  surface  of  the  |ientoneum,  One  may  listen  over 
oneuiyanis  to  detect  a  bruit,  and  over  Biispected  enlarge- 
ment of  the  uterus  for  the  presence  of  the  uterine 
Bouffle  or  fcetol  heart  aounda.     The  latter  are  twfr  ■ 
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beard  (in  normal  presentations)  at  a  point  midway  be- 
tween the  umbilicus  and  the  left  anterior  superior  spine. 

The  examination  of  the  abdomen  by  the  combined  I 

auscultation-percussion  method  will  be  referred  to 
later. 

In  cases  of  general  abdominal  swelling  measure^ 
ment  should  never  be  omitted,  as  it  affords  a  valuable 
index  of  the  progress  of  the  case.  The  circumference 
may  be  taken  at  the  level  of  the  umbilicus  or  at  the 
point  of  maximum  distension. 

The  examination  of  cases  which  are  believed  to 
have  fluid  in  the  peritoneal  cavity  or  ascites  calls 
for  special  consideration.  In  cases  in  which  the  fluid 
is  sufficient  to  cause  general  distension,  the  conditions 
for  which  one  is  apt  to  mistake  it  are,  as  we 
have  seen,  fat  in  the  abdomen  and  abdominal  wall, 
gas  in  the  intestines  or  free  in  the  peritoneum,  and 
new  growths.  Fluid  gives,  of  course,  a  dull  note 
on  percussion.  The  dulness  is  not  always  absolute, 
however,  owing  to  the  transmitted  resonance  of  sub- 
jacent bowel.  When  the  fluid  is  free  and  not  suffi- 
cient to  fill  the  whole  abdomen,  its  upper  limit  is 
more  or  less  horizontal,  but  may  show  irregularities 
owing  to  the  fluid  running  up  into  "  bays  "  between 
coils  of  bowel. 

Free  fluid  is  also  distinguished  by  the  fact  that 
it  shifts  its  position  with  that  of  the  patient.  If  he 
be  turned  over  on  his  side  and  time  given  for  the 
intestines  to  float  up,  it  will  be  found  that  the  upper- 
most flank  is  now  resonant,  while  the  height  of  the 
dulness  on  the  lower  side  has  risen.  If  the  fluid  be 
very  small  in  amount,  it  is  a  good  plan  to  turn  the  patient 
onhis  hands  and  knees.  A  dull  area  then  appears  around 
the  umbilicus  from  accumulation  of  fluid  there. 

The  "transmitted  thrill"  is  another  important 
physical  sign  of  fluid  in  the  peritoneum.  It  is  elicited 
by  placing  one  band  over  the  lumbar  region  of  one 
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Bide,  the  patient  being  on  hia  back,  while  the  oppdBite 
lumbar  region  is  sharply  tapped  with  the  fingers  of 
the  other  hand,  A  distinct  impact  will  be  felt  to 
pass  from  one  hand  to  the  other.  As  a  not  dissimilHr 
impulBe  is  apt  to  be  transmitted  through  the  abdo- 
minal wall,  especially  if  fat,  it  is  always  well  to  get 
an  assistant  to  place  the  e<igo  of  his  hand  Srmly  in 
the  middle  line  of  the  abdonien  while  percussion  is 
being  made.  This  damps  down  any  vibrations  trans- 
mitt^  by  the  wall.  Where  the  amount  of  fluid 
is  large,  the  vibrations  are  visible  as  well  as  palpable. 
On  the  whole  we  consider  that  the  results  of  simple 
percussion  afford  the  most  trustworthy  evidence  of 
the  presence  of  ascites. 

Fat  is  to  be  distinguished  by  taking  the  abdominal 

■wall  between  the  hands  and  pinching  it  up.     Gaa  is 

distinguished  by  the  results  of  percussion.     Of  new 

growthx,  ovarian  tumour  is,  perhaps,  most  liable  to  be 

mistaken  for  ascites.     An  ovarian  tumour,  however, 

_  causes   an   an tero -posterior  bulging  of  the  abdomen, 

■  while  in  ascites  the  bulging  is  mainly   lateral.     In 

^  ovarian  tumours,    also,    the  dutness  is  central,    and 

does  not  change  with  the  position  of  the  patient ;  in 

ascites  the  chief  dulness  is  in  the  flanks,  and  it  shifts, 

as  we  have  seen,  when  the  patient  is  moved.     Lastly, 

in  ascites,  the  nmbilicua  is  flat  or  bulges  out,  while  in 

ovarian  tumours  it  is  drawn  upwards. 

[^  SECTION  m.— THE  ABDOMINAL  VISCERA. 

One  may  now  pass  to  the  examination  of  the 
iTiacera  contained  in  the  abdomen,  beginning  with  the 
I'  Stomach. 

The  Stomach. 
-$l»eMHl  niinlamj'  (Plates  I,  II.). 
T!ie  atomacli  is  situated  in  the  left  hypochondriac 
1  the  B|iigastrio  r^ons.     lU  cardiac  orifice  lies 
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behind  the  seventh  left  costal  cartilage,  one  inch  from 
the  sternum  and  four  inches  from  the  surface.  The 
pyloric  orifice  is  surprisingly  close  to  it,  being  about 
one  full  hand's  breadth  below  the  base  of  the  xiphi- 
sternum  and  one  finger's  breadth  to  the  i-ight  of  the 
middle  line.  It  passes  considerably  farther  to  the 
right,  however,  when  the  organ  is  distended.  It  is 
usually  under  cover  of  the  liver.  About  two-thirds 
of  the  stomach  is  under  cover  of  the  ribs,  the  fundus 
reaching,  in  ordinary  circumstances,  as  far  up  as  the 
fifth  rib  in  the  mammary  line.  It  is,  therefore,  some- 
what behind  and  above  the  apex  of  the  heart  Only 
a  small  part  of  the  body  of  the  stomach  and  of  the 
pyloric  region  is  in  contigict  with  the  anterior  abdom- 
inal wall.  The  exact  position  of  the  great  curvature 
varies.  Under  normal  conditions  it  should  never  be 
lower  than  the  level  of  the  umbilicus ;  usually  it  is 
considerably  higher. 

The  physical  examination  of  the  stomach  is  chiefly 
concerned  with  the  determination  of  its  size.  It  is 
by  no  means  easy  to  be  sure  of  the  exact  dimen- 
sions of  the  stomach,  owing  in  part  to  its  position, 
in  part  to  the  fact  that  the  amount  of  gas  contained 
in  it  varies  greatly  from  time  to  time.  The  fact  that 
it  is  in  direct  contact  with  the  transverse  colon,  which 
yields  a  very  similar  note,  also  adds  to  the  confusion. 

Recourse  is  frequently  had  to  inflation  of  the 
stomach  with  gas  in  order  to  overcome  some  of  these 
difficulties. 

The  best  method  of  inflating  the  stomach  is  to 
pass  a  stomach-tube  provided  with  a  glass  mouthpiece. 
One  distends  the  stomach  either  by  blowing  down  the 
tube  or  by  connecting  it  with  a  Higginson's  syringe 
or  bicycle  pump.  One  can  clamp  the  tube  when  a 
sufficient  degree  of  distension  has  been  attained. 

Inflation  should  never  be  practised  if  there  has 
been  any  recent  bleeding  from  the  stomach,  or  if  one 
F 
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luiM  n^aHon  to  HtiMpCK;!  the  cxiMtence  of  a  gastric  ulcer. 
If/  MJioiild  ttl«o  he  avoided  in  feeble  subjects  and  in 
i\\i)¥M  in  wliorn  tlie  heart  is  in  any  way  embarrassed. 

liiiii|><*<*4loii  of  the  stomach  region  is  included 
in  tho  gttruiral  exiitnination  of  the  abdomen.  If  dilated 
Ihn  or^au  may  possibly  be  seen  standing  out  even 
h<'foi'(5  infhition.  It  may  form  a  tumour  in  any  part 
(;j'  the  abdomen  except  the  upper  portion  of  the 
(!)ii^MHtric  region.  If  it  be  dislocated  downwards,  the 
(MilliniJ  of  the  lesser  curvature  may  be  visible.  Peri- 
Hlitltic  movements  of  the  stomach  wall  have  already 
\m'\\  njferred  to  (p.  57). 

I'lilpntloii  of  the  ttomach.— Note  if  there  be 
any  iendernf^ss  felt  on  palpating  the  stomach,  and 
define  its  point  of  greatest  intensity.  Examine  for 
tiunotirH.  The  commonest  of  these  is  a  pyloric  new 
grow  til.  Tumours  of  this  region  are  characterised  by 
their  great  mobility.  They  may  be  felt  in,  or  pushed 
into,  any  region  of  the  abdomen.  Lastly,  try  for 
tip/anhiiig.  To  make  out  this,  sit  at  the  left  side  of 
th(^  patient  with  one  liand  over  the  left  lower  ribs 
behind  ;  with  the  other  placed  over  the  front  of  the 
Ntonuich  make  short,  sudden  dipping  movements.  If 
** splashing"  be  elicited  it  will  be  partly  heard  and 
partly  felt. 

Distinct  splashing  elicited  three  hours  after  a 
meal,  especially  if  it  can  bo  made  out  below  the  level 
of  the  umbilicus,  is  very  suggestive  of  a  dilated 
stomach. 

Perrutslon  of  the  stomach.— Three  bound- 
aries of  the  stomach  can  be  made  out  by  peix^ussion  : 
( I )  Hetweon  stomach  and  lung  ;  (2)  between  stomach 
Hud  liver  ;  (3)  between  stomach  and  colon. 

The  last  is  that  which  it  is  most  important  to 
(lotermine,  and  should  be  oxamineil  firat.  It  is  by 
no  moans  always  eosv  to  dotine  the  lower  border  of 
the  stomach  exactly.     This  is  because  the  transverse 


Percussion  of  the  Stomach,  67 

colon  may  give  an  almost  identical  note  with  it.  Use 
light  percussion.  The  ''flicking"  method  succeeds 
very  well  here.  Begin  low  down  near  the  pubes  and 
percuss  upwards  just  to  the  left  of  the  middle  line. 
The  lower  border  of  the  stomach  should  be  reached 
at  least  a  finger's  breadth  above  the  umbilicus. 

The  limit  between  the  lower  edge  of  the  lung  and 
the  upper  part  of  the  stomach  is  made  out  in  a  similar 
way.  It  is  better  to  percuss  from  stomach  to  lung. 
The  usual  line  of  demarcation  between  the  two  runs 
in  a  slightly  arched  manner  from  the  sixth  costal  car- 
tilage in  the  parasternal  line  to  the  ninth  rib  in  the 
mid-axillary  line.  The  area  of  stomach  resonance 
which  is  bounded  above  by  this  line  and  by  the 
anterior  edge  of  the  spleen,  and  below  by  the  left 
costal  margin,  is  called  Traubc's  space.  It  covei-s 
that  portion  of  the  stomach  which  is  in  direct  contact 
with  the  chest-wall.  We  have  seen  that  the  fundus 
of  the  stomach  extends  above  this  under  cover  of  the 
lung  as  high  as  the  fifth  rib  in  the  nipple  line.  It 
cannot,  however,  be  satisfactorily  percussed  out 

The  demarcation  between  the  stomach  and  liver  is 
made  out  by  percussing  lightly  from  the  stomach 
towards  the  liver  margin.  It  is  not  of  much  import- 
ance in  diseases  of  the  stomach. 

We  would  repeat  that  for  the  diagnosis  of  dilated 
stomach  the  position  of  the  great  curvature  is  of  most 
importance.  If  this  be  found  to  be  below  the  umbilicus, 
while  the  lesser  curvature  is  in  its  normal  position, 
then  the  existence  of  dilatation  is  certain.  It  is  con- 
firmed if  the  stomach  note  extends  much  across  the 
middle  line  towards  the  right. 

The  position  of  the  boundaries  between  stomach 
and  lung  and  stomach  and  liver  depends  as  much 
upon  the  condition  of  the  lung  and  liver  as  upon  the 
stomach  itself.  Thus  in  fibroid  contraction  of  the  lung 
more  of  the  stomach  is  exposed  than  is  normal,  and  its 
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m*m  U  i\\^i4iif^  Affptirentlj  increased  Cirriiosis  ok 
iU^.  Mvttr  may  prodtK^  a  nmthur  apparent  extension  of 
HOfmtuiU  an^a.  On  i\ui  r/ther  oand,  effusions  into  the 
l^tmm  or  anlarg<?frt'mU  of  the  liver  coverup  the  stomach 
untl  mum  a  dirninution  in  itn  area  of  resonance.  Hence 
In  iUti  (ortmr  (^nditir^n  Trauf^e's  space  is  mach  dimin- 
{Mliff^J  (mm  p,  260),  The  jjossibilitj  of  a  dislocation  of 
tl)^  wholo  or^art  downwanis  must  never  be  lost  sight 
,  nf,  J  n  Mur;)i  a  oiim  the  outline  of  the  lesser  curvature 
rimy  atUut  \m  tuuiti  standing  prominently  out,  especially 
wliMM  CIm)  organ  in  inflated.  If  the  distance  between 
Umi  i^rmUif  and  UtHnar  curvature  is  more  than  10  cm., 
dilaUMon  (ixiiitM. 

Thrt  I'omblnod  percuttlon-auscultation 
•••l^lliod  ofton  givoH  vahiable  aid  in  mapping  out  the 
wtdiiiadh,  To  carry  it  out  proceed  as  follows  : — Place 
tlin  tiiid  of  a  HtothoHcope  over  the  stomach,  either 
Momowhoni  in  Trauhft'H  area  or,  better,  in  the  angle 
butwooii  tho  xij)lioid  cartilage  and  the  left  costal 
liuiruth.  Tlion  porouHH  lightly  by  flicking  the  skin 
iioar  Iht*  Htt»thoHoope.  A  characteristic  note  is  heard. 
ThtMi,  Htill  kot^ping  the  stethoscope  in  the  same 
^lluiititm,  hUirt  porouasing  near  the  pubes,  and 
poiHMihn  \ip  tA»NvaiHlH  tho  luubilicus  until  a  note 
Mitnlhu*  to  that  WvhI  lu^ard  is  made  out  again.  That 
Indlouttm  that  tl\o  tnlgt^  of  the  stomach  has  been 
pHtiMtHh  Oho  can  now,  by  percussing  in  diflerent 
diitH>ti\n\!*,  mako  out  the  limits  of  the  organ  all 
iHmiul,  Tho  mothiHl  dojH^nds  on  the  fact  that  the 
a\^iiwl  vibmtum*  w>t  up  under  tlie  percussing  finger 
v^^\^\u\l  aU  thixnigh  tho  organ»  and  therefore  reach 
X\\\^  }iW{\\\\A\\\\y^  plaiHxl  ovor  any  jvirt  of  it.  Previous 
\ulhUuM\  \xf  thi*  or>*an  iJ*  not  rvHjuirvd.  Be  auvf ul 
Ms^t  t\*  uw»  tw  *t^\M^:  a  ivrvusssiou  stroke,  or  vibration 
u^AJ  ^v  5»%^l  up  iu  a\(i\uuu^  \  isct*ra. 

iiiamllillliMi  #1  Umt   »t««Mirli   area    may 
\WliK'<  |m^lvxiH>iid  ArtdMU  ov«r  il^  or  the  crackling 
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due  to  the  bursting  of  fermentation  bubbles  in  the 
interior.  Heart  sounds  and  murmui^  are  sometimes 
heard  loudly  over  the  stomach  as  over  a  resonating 
chamber.  The  deglutition  sounds  are  of  no  diagnostic 
value. 

The  chemical  investigation  of  the  atomach  is  con- 
sidered in  Section  IV,  (p.  83). 

The  Liver. 

Special  anatomy  (Plates  I.,  IL,  III.). — ^ITie 
liver  lies  chiefly  in  the  right  hypochoudrium.  Its  left 
lobe  extends  across  the  epigastric  region,  but  does  not 
pass  more  than  two  inches  to  the  left  of  the  sternum. 
Above,  the  liver  reaches  almost  to  the  nipple  ;  below 
it  extends  to  the  costal  margin.  The  lower  border 
passes  obliquely  upwards  from  the  ninth  right  to 
the  eighth  left  costal  cartilages,  crossing  the  middle 
line  somewhat  above  the  mid  point  between  the  base 
of  the  xiphoid  and  the  umbilicus. 

The  gall  bladder  is  situated  just  internally  to  the 
ninth  right  costal  cartilage,  and  immediately  to  the 
outer  side  of  the  right  rectus  muscle. 

Inspection  of  the  liver  is  of  little  value. 
Any  visible  swelling,  fulness,  or  pulsation  should  be 
noted.  The  edge  of  the  liver  can  sometimes  be  seen 
when  the  organ  is  enlarged.  It  forms  a  sharp  line 
which  moves  up  and  down  with  respiration. 

Palpation  of  liver. — The  lower  edge  should 
first  be  felt  for.  In  order  to  do  this,  place  the  hand 
flatly  on  the  abdomen,  with  its  edge  towards  the  costal 
margin  and  just  to  the  outer  side  of  the  rectus 
muscle,  the  reason  for  going  so  far  out  being  to 
avoid  the  upper  septum  of  the  rectus  sheath,  which 
is  apt  to  be  mistaken  for  the  lower  edge  of  the  liver. 
Then  depress  the  edge  of  the  hand  slightly  so  as  to 
push  up  a  fold  of  skin,  and  ask  the  patient  to  take  a 
long  breath.      If   the  edge  of  the  liver  is  palpable^ 
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lilt  will  be  felt  to  ride  over  tLe  edge  of  the  hand. 
TpiaJ,  of  course,  must  be  made  at  different  levela 
decided  that  the  edge  cannot  be  felt. 
Tlie  edge  of  the  liver  cannot,  or  can  only  vpry  rarely, 
bo  felt  in  health.  It  moves  down  from  two  fifths  to 
three-fifths  of  an  inch  with  inspiration  The  tharacter 
of  the  edge  should  also  be  noted^whether  it  ia 
Rmooth  or  irregular,  thickened  or  sliarp.  If  in  doubt 
whether  wJiat  is  felt  be  really  the  liver  edge,  feel 
for  the  fissure  of  the  gall  bladder,  and,  towards  the 
middle  line,  for  that  produced  by  the  round  ligament, 
The  siLrfaae  of  the  Hver  in  the  epigastrium  sliould 
then  be  felt  in  the  usual  way.  Any  tenderness 
should  be  noted,  and  whether  it  is  localised  or 
general.  The  character  of  the  surface  should  he 
made  out.  Is  it  smooth,  as  in  waxy  disease,  or 
uodular,  as  in  carcinoma?  In  the  latter  condition 
the  centres  of  the  nodules  will  often  be  found  to 
be  umbilicated.  Cure  must  bo  taken  not  to  con- 
'iiniDd  little  irregularities  which  are  fretjuently 
'^ireeent  in  the  upper  parts  of  the  recti  wilh  irregu- 
larities on  the  sui-face  of  the  liver.  Liver  friction 
(due  to  perihepatitis)  can  sometimes  be  felt.  It  is 
usually  best  miide  out  over  the  posterior  surface  of  the 
organ  between  the  vertebne  and  tlie  mid-axillary  line, 
Henviiig  pulsation  of  the  whole  organ  can  best 
be  appreciated  by  placing  one  hand  over  the  lower 
right  ribs  behind  and  the  other  over  the  organ  in  front. 
The  Proc4di  du  Foiic^,  or  "  thumb  method,"  is 
aapecial  means  of  palpating  the  lower  border  of  the 
lliver  devised  by  Gl^nard.*  The  patient  lies  on  his 
jtnck,  the  legs  extended  and  the  shoulders  slightly 
IniBed.  Tlie  physician  sits  on  tho  edge  of  the  bed 
l&oinghini.  The  hands  are  placed  as  shown  in  Fig. 
The  fingers  of  the  left  hand  push  forward  the 
;ht  loin,  the  middle  finger  being  placed  just  below 

*"Lia  Ptoaat  TuofraUe."  p.  013. 
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the  last  rib.  The  right  hand  depresses  the  anterior 
abdominal  wall  in  ,the  hypogastric  and  right  iliac 
regions,  and  pushes  the  coils  of  intestine  up  under  the 
liver.  In  performing  this  part  of  the  manipulation 
the  fingers  of  the  right  hand  move  in  the  arc  of  a 
circle,  as  shown  in  Fig.  7.  The  left  thumb  now 
depresses  the  abdominal  wall  just  below  the  supposed 
situation  of  the  edge  of  the  liver,  whilst  at  the  same 
time  the  patient  makes  a  deep  inspiration.  As  the 
edge  descends  the  pulp  of  the  thumb  should  slip 
upwards,  outwards,  and  forwards,  so  as  to  come  in 
contact  with  it. 

This  method  is  specially  serviceable  for  the  detec- 
'tion  of  ptosis  of  the  liver  or  a  floating  (Riedel's)  lobe. 

Percus<9ion  of  the  liver. — Tlie  following  table 
shows  the  normal  percussion  limits  of  the  liver 
(Fig.  23) :- 


r    Deep 
dulness. 


Upiier 
liiiiit. 


Superficial 
dulness. 


Lower  Hiiiit 


Middle  line. 


Blend 

with 

heart 

dulnesa. 


Hand's- 

breadth 

below  base 

of  xiphoid. 


Mammary 
line. 


4th  space. 


6th  rib. 

Costal  mar- 
gin or  some- 
what  above 
or  below  it. 


Mid-axil- 
lary line. 


7th  sjiace. 


8th  rib. 


10th  space. 


Scapular 
line. 


9tli  sitace. 


10th  rib. 

Blonils  with 
kidney 
dulacss. 


Procedure, — Tiie  patient  should  be  lying  down  in 
percussion  of  the  anterior  and  lateral  aspects  ;  sitting 
up  or  standing  for  the  posterior  aspect. 

To  make  out  the  deep  dulness,  use  heavy  per- 
cussion— two  fingers,  if  necessary.  Begin  high  up — 
say  about  the  second  rib — so  as  to  get  a  good  lung 
note,  and  percu.ss  down  from  rib  to  rib  till  im- 
pairment   is    detected.     Then    repeat    the    process, 
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going  from  space  to  space  instead  of  from  rib  to  rib. 
Percuss  in  this  way  down  the  mammary,  mid-axillary, 
and  scapular  lines. 

The  upper  limit  of  liver  dulness  in  the  middle 
line  cannot  be  distinguished  from  the  heart  dulness. 
To  map  it  oub,  draw  a  straight  line  from  the  apex 
beat  to  the  angle  where  the  right  edge  of  the 
heart  and  the  deep  liver  dulness  meet.  To  make 
out  the  upper  limit  of  superficial  dulness,  percuss 
lightly  down  the  same  lines.  The  upper  limit  of 
liver  dulness  forms  an  almost  horizontal  line  around 
the  chest. 

In  defining  the  lower  edge  of  the  liver,  use  very 
light  percussion,  and  pass  upwards.  The  "  flicking  " 
method  does  well.  Another  good  plan  is  to  percuss 
with  three- fingers  of  the  right  hand  heid  in  a  row. 
Very  slight  degrees  of  dulness  can  often  be  more 
easily  detected  by  this  device. 

The  exact  position  of  the  lower  edge  of  the  liver 
is  extremely  variable.  Usually  it  coincides  with  the 
costal  margin  in  the  mammary  line.  It  may  be  con- 
siderably above  or  below  this,  however,  without  there 
being  any  pathological  change  in  the  organ.  Its 
position  in  the  middle  line  is  also  very  vanable. 
As  a  rule,  it  is  situated  about  a  hand's  breadth  below 
the  base  of  the  xiphoid. 

In  percussing  the  surface  of  the  liver  where  it 
is  not  covered  by  lung,  it  should  be  observed  that  the 
organ  has  a  certain  degree  of  resistance  or  resilience. 
The  normal  amount  of  this  can  only  be  learnt  by 
practice.  If  the  organ  be  enlarged  or  congested,  its 
resistance  to  percussion  is  increased  owing  to  its  being 
more  firmly  pressed  against  the  chest  wall. 

The  liver  may  be  displaced,  enlarged,  or  dimin- 
ished. 

Displacement  may  be  either  upwards  or  down- 
wards.     Upward     displacement     may     occur     from 
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tumours,  etc.,  in  the  abdomen  pushing  the  liver  up. 
Downward  displacement  may  be  brought  about  by 
dilatation  of  the  right  ventricle  of  the  heart,  right 
pleural  effusion  or  emphysema  of  the  lungs,  or,  more 
rarely,  by  new  growths  below  the  diaphragm.  When 
the  liver  is  dislocated  downwards,  the  rounded  upper 
surfsM^e  of  the  left,  and  part  of  the  right,  lobe  can 
usually  be  made  out  crossing  the  epigastrium.  A  dis- 
placed liver  also  does  not  move  freely  with  respiration, 
while  a  liver  which  is  merely  enlarged  does. 

One  must  distinguish  between  real  enlargements 
and  diminutions  of  the  liver  and  those  which  are 
apparent  only. 

This  enlargement  of  the  liver  may  be  simulated 
by  consolidations  of  the  base  of  the  right  lung,  or 
by  effusion  into  the  right  pleura.  Downward  en- 
largement may  be  simulated  by  accumulation  of  faeces 
in  tlie  transverse  colon. 

Real  enlargement  may  be  due  to  waxy  disease, 
congestion,  fatty  infiltration,  hypertrophic  cirrhosis, 
new  growths,  leucocythsemia,  abscess,  or  hydatids. 

A  hydatid  cyst  in  the  liver  often  produces 
an  enlargement  of  the  organ  upwards  rather  than 
downwards. 

Diminution  of  the  liver  may  be*  simulated  by 
the  organ  being  covered  up  by  an  emphysematous 
lung,  or  by  the  colon  passing  up  between  it  and 
the  abdominal  wall.  The  latter  is  a  rare  condition. 
It  should  be  suspected  if  the  lower  limit  of  liver 
duliiess  varies  very  much  at  different  points.  Real 
di»jiinution  occurs  in  cirrhosis  and  in  acute  yellow 
atrophy. 

The  g:all  bladder  is  examined  by  palpation 
and  percussion.  It  cannot  be  felt  unless  distended. 
It  may  then  form  a  smooth,  pear  shaped  tumour, 
**ituateid  just  to  the  outer  edge  of  the  right  rectus 

isole.     It  can  be  moved  freely  from  side  to  side 
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round  a  point  opposite  to  the  ninth  costal  cartilage. 
It  also  moves  with  respiration.  Sometimes  gall  stones 
can  be  felt  in  it.  If  there  be  many  of  these  they 
produce  on  palpation  a  sensation  resembling  that 
produced  on  feeling  a  bag  of  nuta 

On  percussion,  a   distended   gall   bladder  forms 
a  dull  area,  projecting  out  from  the  liver  dulness  to- 
wards the  umbilicus,  but  usually  continuous  with  it. 
Sometimes,     however,     the 
transverse  colon  comes  to  lie 
across  the  neck  of  the  gall 
bladder,   so  as  to  separate 
it  from    the   liver.     When 
this  occurs,  diagnosis  of  the 
tumour  is  apt  to  give  trouble. 
To  this  point  we  shall  recur 
when  we  come   to  the   ex- 
amination of  the  right  kidney 
(p.  79). 

The  Spleen. 

Special  anatomy 

(Plates  II.  and  III.).— The 

spleen  lies  in  the  left  hypo-    Fig.  9.— Enlargement  of  Spleen. 

chondi-ium.     It  is  bounded 

above  by  lung,  elsewhere  by  stomach  and  intestine. 
Its  lower  end  rests  upon  the  costo-colic  fold  of  peri- 
toneum. It  lies  along  the  ninth,  tenth,  and  eleventh 
ribs,  being  partially  separated  from  them  by  the 
diaphragm  and  lower  edge  of  the  left  lung.  Its 
upper  end  is  opposite  the  ninth  dorsal  spine,  and 
reaches  to  about  1|  in.  from  the  middle  line.  Its 
lower  end  comes  as  far  forward  as  the  mid-axillary 
line. 

Inspection  of  the  spleen. — If  much  enlarged^ 
the  spleen  may  form  a  visible  tumour  in  the  left  side 
of  the  abdomen,  which  moves  with  respiration  (Fig.  9^, 
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Palpalion  of  the  spleen. — This  ia  really  the 

most  im|iortaut  method  of  inTestigating  the  splee 
If  one  can  excludo  dislocation,  then  u  sp^Gen  which 
is  palpable  may  safely  be  pronounced  to  be  enlarged, 
and  it  is  never  safe  to  diagnose  enlargement  of  the 
spleen  unless  it  i»  palpable. 

There  are  two  methods  of  feeling  for  the  spleen — 
(1)  Stand  or  ait  at  the  left  side  of  the  patient  aa 
e  lies  on  his  hack.  Keep  the  hand  flat  on  the  abdo 
Ben,  and  doprees  the  Angers  a  little,  so  as  to  push  up 
Kiold  of  skin  near  the  left  costal  margin  opposite  the 
inth  cartilage,  and  get  the  patient  to  take  a  long 
■^  sath.  The  edge  of  the  enlarged  spleen  will  be  fi'lt 
b  come  up  against  the  finger  tips,  and  to  ride  over 
,8  it  were. 

(U)  Go  to  the  right  side  of  thu  patient.  Place 
the  lingera  of  one  hand  bc-hind  in  the  space  between 
the  ends  of  the  tenth  and  eleventh  rits.  Place  the 
other  hand  oier  the  left  hypochondrium,  with  the 
fingers  filightly  tucked  in  under  the  edge  of  the  costal 
arch.  With  the  posterior  hand  tilt  the  spleen  for- 
wards HhUe  the  patient  inspires.  The  edge  of  t'le 
n  will  then  he  felc  against  the  fingers  of  the  other 
land. 

The  edge  of  the  spleen  is  sharp  and  usually  quite 

Smooth.     Notches  can  often  be  felt  in  it,  but  h\  no 

means  invariably.     It  is  impoi'tant  to  not«  (I)  that 

the  anterior  border  of  an  enlarged  spleen  is  always 

directed  downwards  and  inwards,  and  (2)  that  there 

\  always  a  slight  space  between  the  posterior  edge 

\  thd  spleen  and  the  erector  spinie,  into  which  the 

I  be  dipped.     Occasionally  the  spleen  en- 

\  upwards  only.     This  may  happen  where  the 

BBlo-colie   fold    is   abnornially  well   developed,   and 

I  oi^n  up,     Frr  the  detection  of  such  a 

ndition  one  must  have  revourse  to  perciifsion. 

Sometimes,  ou  the  other  hand,  when  the  spleen  * 
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gets  very  large  it  pushes  down  the  costo  colic  fold 
and  then  drops  down  itself.  A  spleen  which  at  one 
time  crossed  the  middle  line  may  cease  to  do  so  by 
dropping  down  in  this  way,  though  the  organ  is 
really  larger  than  ever. 

Percussion  of  the  spleen. — The  anterior  part 
of  the  spleen  can  be  defined  whilst  the  patient  is 
l^  ing  on  his  back.  For  the  posterior  part  one  of  two 
jositi^ns  is  advisable — he  may  either  sit  up,  with  his 
lelt  hand  supported  on  the  top  of  his  head,  or  he  may 
be  semi-prone,  resting  chiefly  on  the  right  scapula, 
with  the  left  arm  behind  the  head.  He  should  not 
be  altogether  on  his  right  side,  else  the  spleen  falls 
away  too  much  from  the  surface  of  the  body.  The 
organ  is  most  sharply  defined  when  percussed  with 
the  chest  either  in  full  inspiration  or  full  expiration. 
It  is  least  clearly  made  out  >?irhen  the  chest  is  in  an 
intermediate  position.* 

The  limits  of  the  normal  spleen  cannot  always  be 
defined  by  percussion.  It  may  be  borne  away  so  much 
from  the  surface,  owing  to  extreme  arching  of  the 
diaphragm,  or  it  may  be  so  covered  up  by  lung,  that 
it  is  impossible  to  be  sure  of  its  exact  limits. 

Procedure, — Define  the  anterior  edge  by  percussing 
lightly  along  the  tenth  rib,  beginning  near  the  costal 
edge.  The  splenic  dulness  (absolute)  should  be  reached 
at  the  mid-axillary  line. 

The  lower  edge  is  defined  by  percussing  lightly 
upwards  along  the  posterior  axillary  line  or  slightly 
behind  it.  The  lower  edge  of  the  spleen  should  be 
reached  about  the  lower  border  of  the  eleventh  rib. 

To  make  out  the  v/pper  and  posterior  borders, 
heavier  percussion  is  required.  Percuss  vertically 
downwards  about  midway  between  the  posterior 
axillary  and  scapular  lines,  beginning  at  about  the 
level  of  the  angle  of  the  scapula.  The  lung  note 
•  See  Buttersack  {Zeit,  /.  klin.  Med ,  40,  p.  214). 
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will  become  impaired  at  the  upper  edge  of  the  ninth 
rib,  indicating  that  the  upper  limit  of  the  spleen 
has  been  reached. 

The  posterior  border  is  defined  by  percussing 
along  the  tenth  rib,  beginning  near  the  middle  line. 
The  splenic  dulness  is  reached  at  about  IJ  in.  from 
the  vertebral  spines.  This  border  is  not  always  easy 
to  make  out. 

By  joining  together  the  different  points  defined 
above,  an  oval  area  will  be  mapped  out,  which 
measures  about  3  in.  in  its  long  diameter  and  2  in. 
transversely. 

Extension  of  splenic  dvlness  may  be  simulated  by 
effusions  into  the  left  pleura,  or  consolidation  of  the 
base  of  the  left  lung;  by  the  presence  of  fluid  in  the 
stomach,  or  of  faecal  accumulation  in  the  colon. 

Enlargement  of  tite  spleen  occurs  in  acute  fever 
(especially  typhoid),  in  waxy  disease,  malaria,  various 
blood  affections,  etc. 

Auscultation  over  the  spleen  may  be  prac- 
tised to  detect  the  existence  of  friction.  The  latter 
occurs  in  peiisplenitis  and  over  the  surface  of  splenic 
infarcts. 

The  Kidnet& 

Special  nnntomy  (Plate  II.). — Each  kidney 
lit's  partly  in  the  epigastric,  partly  in  the  hypochon- 
driac region.  The  right  kidney  lies  partly  in  the 
lumbar  region  as  well.  As  regards  their  relation  to 
the  anterior  abdominal  wall,  the  kidneys  are  higher 
up  than  one  is  apt  to  suppose.  The  lower  end  of  the 
right  kidney  is  fully  1  in.  above  the  umbilicus,  the 
left  is  about  ^  in,  higher.  The  lower  end  of  each  is 
about  3  in.  from  the  middle  line. 

As  regai*ds  their  posterior  relations,  about  one- 
third  of  each  kidney  lies  above  the  last  rib.  The 
upper  end  of  the  right  kidney  is  at  the  level  of  the 
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eleventh  dorsal  spine,  whilst  its  lower  end  reaches 
to  about  1  in.  above  the  iliac  crest.  The  left  kidney 
is  about  I  in.  higher. 

Palpation  of  the  kidney. 

Procedure. — The  patient  must  be  on  his  back 
with  the  knees  slightly  flexed  and  the  shoulders 
raised  on  a  firm  pillow.  The  lumbar  region  must 
be  quite  flat  on  the  couch,  not  arched  forward.  Sit 
or  kneel  beside  the  patient  on  the  side  to  be  examined. 
Place  one  hand  upon  and  below  the  last  rib  behind, 
the  other  immediately  below  the  costal  margin  in 
front.  It  is  best  to  have  the  right  hand  in  front 
when  examining  the  right  kidney,  and  the  left  hand 
in  front  when  examining  the  left.  The  posterior 
hand  should  press  the  loin  forwards,  while  the  other 
hand  pushes  the  anterior  abdominal  wall  backwards, 
upwards,  and  outwards.  The  kidney  will  then  be 
felt  between  the  two  hands  if  it  is  at  all  enlarged 
or  displaced.  Even  in  health  (provided  the  patient 
is  not  too  fat)  the  lower  part  of  the  organ  can 
often  be  felt. 

Should  this  manipulation  not  succeed,  the  patient 
must  be  asked  to  take  a  long  sighing  inspiration. 
If  the  front  hand  follows  up  the  receding  abdominal 
wall  as  the  air  leaves  the  chest  the  kidney  will  be 
caught  between  the  two  hands. 

The  kidney  moves  very  slightly  with  respiration. 
An  exaggeration  of  this  normal  mobility,  so  that  the 
organ  slips  up  and  down  like  a  pea  in  a  pod,  con- 
stitutes "  movable  kidney y  This  must  be  distinguished 
from  ^^ floating  kidney ^^  in  which  the  organ  moves 
freely  forward  so  as  to  **  float"  towards  the  anterior 
abdominal  wall,  as  well  as  moving  vertically  and 
laterally. 

A  floating  right  kidney  is  very  apt  to  be  mistaken 
for  a  distended  gall  bladder,  and  vice  versd..  The 
shape,  size,  and  consistence  of  the  tumour  may  be 
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apparently  identical  in  the  two  cases.  One  point  of 
distinction  is  that  while  a  distended  gall  bladder  can 
be  temporarily  pushed  back  from  the  abdominal  wall, 
yet  it  always  tends  to  siiring  forward  again.  It  is 
therefore  always  in  evidence.  It  is  not  so  with  a 
floating  kidney  ;  the  latter  often  disappears  for  a 
time,  and  can  only  with  difficulty  be  got  hold  of  again. 
Another  point  of  distinction  is  that  a  kidney  can  be 
pushed  down  towards  the  pelvis 
and  held  there  even  during  forcible 
expiration,  whilst  the  gall  bladder 
moves  upwards  ^ain  during  the 
1  expiratory  act.  The  different 
relation  of  the  colon  to  the  kidney 
'  and  to  the  gall  bladder  should 
also  he  remembered. 

An  enlarged  left  kidney  may 
be  mistaken  for  the  spleen.  The 
points  of  distinction  are:  (1) 
That  the  spleen  has  a  sharp  edge. 
The  edge  of  the  kidney  is  alvmya 
rounded.  The  existence  of  a 
sharp  edge  in  any  abdominal 
tumour  excludes  the  kidney  at 
iiour  or  once.  (2)  There  is  no  spHce 
{AjtcT  i,etween  the  posterior  border  of 
the  kidney  and  the  erector  spinte, 
as  there  is  in  the  case  of  the  spleen  ;  and  (3)  the  colon 
lies  between  the  kidney  and  the  anterior  abdominal 
wall,  but  not  over  the  spleen  (Fig.  10).* 

It  is  impossible  to  determine  the  size  of  the  kidney 
by  means  of  percus.sion. 

An  enlarged  kidney  tern  Is  to  bulge  forwards. 
Perinephric  abscesses,  etc.,  bulge  backwards. 

•  If  one  is  iu  doubt  whethi^r  tho  colou  lies  in  frant  of  Ihe 
luniiiur  iir  unt,  it  is  often  a.  holp  to  inflate  tho  larjjo  bowel  bj 
tncaus  of  a.  rectal  tuba  connected  with  a  Uigginsoa'a  iTringe  oi 
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The  Intestines. 

Special  anatomy. — The  small  intestine  occu- 
pies chiefly  the  umbilical  and  hypogastric  regions; 
the  large  intestine,  the  peripheral  zone  of  the 
abdomen.  The  ileum  joins  the  colon  at  a  point  2  in. 
internal  to,  and  somewhat  above,  the  right  anterior 
superior  iliac  spine.  The  apex  of  the  csecum 
corresponds  to  a  point  a  little  to  the  inner  side  of 
the  middle  of  Poupart's  ligament.  The  base  of  the 
vermiform  appendix  usually  lies  opposite  a  point 
IJ  to  2  in.  from  the  anterior  superior  spine  along  a 
line  drawn  from  that  spine  to  the  umbilicus.  This 
is  sometimes  called  McBumey's  point,  because  he  has 
shown  that  in  the  majority  of  cases  of  appendicitis 
that  is  the  point  of  maximum  tenderness  as  determined 
by  the  pressure  of  one  finger. 

The  splenic  flexure  of  the  colon  lies  behind  the 
stomach,  the  hepatic  lies  under  cover  of  the  liver. 
The  former  is  at  a  somewhat  higher  level  than  the 
latter.  The  transverse  colon  passes  across  the  abdo- 
men in  a  slightly  curved  direction,  the  lower  part  of 
the  curve  reaching  to  about  the  umbilicus. 

Examination  of  the  intestines  by  inspection  and 
palpation  has  been  described  earlier  in  the  present 
chapter  under  the  general  examination  of  the  abdomen 
(p.  54). 

Percussion  of  the  intestines* — The  notes 
yielded  by  the  small  and  large  intestine  caimot  be  satis- 
factorily discriminated.  The  combined  percussion- 
auscultation  method  can  be  used  to  map  out  the  colon 
in  the^  same  way  as  was  described  for  the  stomach. 
One  should  place  the  stethoscope  near  the  splenic  or 
hepatic  flexure,  and  percuss  close  to  it.  Then  one 
may  begin  at  what  is  presumably  beyond  the  periphery 
of  the  gut,  and  continue  to  percuss  towards  the  stetho- 
scope until  one  recognises  the  characteristic  note. 

G 
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Reclnl  cxaniiiiaiJon.~~PIai^e  the  putient  in  a 
good  light  and  in  u  semi-prone  position — 1>.  resting 
on  tbe  left  breast  with  the  light  thigh  and  knee  well 
drawn  up,  the  inner  aspect  of  the  right  knee  rcstiog 
on  the  couch.  Draw  aside  the  glutei  and  inspect  the 
region  of  the  anus,  noting  the  presence  o£  any  eruption, 
of  externa!  hremorrhoida,  etc.  Smear  the  riglit  fore- 
finger with  vaseline  and  fill  the  nail  with  soap.  Pass 
the  fingCT  alowly  and  gently  through  the  anus, 
directiug  it  slightly  forwards  at  first.  Note  the 
degree  of  resistance  offered  by  the  apliincter ;  this 
L.showB  wiiether  the  latter  is  normal,  spasmodic,  or 
(relaxed. 

<  passed,  direct  the  finger 
■lightly  backwards  and  upwards,  asking  the  ]iatient 
U)  bear  down  a  Ixlllo  at  the  same  time.  Tiie  finger 
own  tlmn  be  wwept  round  and  tlie  whole  inner  surface 
of  the  rt^clum  explored. 

1  membrane  will  be  encoun- 
3  opposite  the  prostate  in 
up,  near  the  middle  of  tbe 
from  the  left  aid&  The 
[  proHtuMi  will  Imi  felt  projecting  into  the  rectum  in  the 
f  nifth',  and  above  it  is  the  trigone  of  the  bladder 
I  Bonked  by  the  Heminal  vesicles  ;  below  it  is  tbe  mem- 
y  branoiiR  ui-uthra.  Id  the  female  tbe  cervix  uteri  will 
I  bo  fell  projecting  back  in  the  form  of  a  hard  knob. 
rTbe  mucous  meuibiTine  must  be  examined  for  polypi, 
l^nlcen,  «tc. 

It  must  bo  renifiinl-ercd  that  hicmorrhoida  are 
I  Dot  palpable.  The  presence  of  acybala  or  foreign 
1  bodies  can  be  dct^'rniim^,  and  the  existence  of  any 
Itamour,  either  in  tbn  bowel  or  pi-easing  u]ion  it,  con 
fibft  mode  out.  If  the  lymphntic  glands  which  lie  in 
Y  Ul«  hollow  of  tbe  sacrum  are  enlarged,  they  can  be 


Two  fo!d«  of  I 
I  tared  (Ilounlon's  folds),  c 
I  front,  llie  other  highci 
\  IHFum,  And    pawing   : 
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SECTION   IV.— CHEMICAL  INVESTIGATION 
OF  THE  STOMACH  CONTENTS. 

The  object  of  tliis  is  to  test  the  digestive  and 
motor  power  of  the  stomach. 

A  "  test  meal "  is  given,  and  the  stomach 
contents  witiidrawn,  after  a  stated  interval,  and 
examined.  The  best  test  meal  consists  of  a  lightly- 
boiled  egg  or  one  ounce  of  mince,  3  ounces  of  toast, 
and  a  quarter  of  a  pint  of  weak  tea,  but  almost 
equally  good  results  can  be  obtained  by  examining 
the  contents  of  the  stomach  after  any  ordinary  light 
meal  which  contains  sufficient  proteid  and  the  nature 
of  which  is  known.  After  such  a  light  meal  as  the 
above  the  stomach  tube  may  be  passed  in  two  hours  ; 
if  a  heavier  meal  has  been  taken  it  may  be  necessary 
to  allow  the  lapse  of  four  or  even  six  hours. 

Method  of  withdrawing  contents.  —  Pass  the 
stomach  tube  as  described  at  p.  51,  but  have  it  con- 
nected with  a  glass  or  vulcanite  funnel.  The  patient 
should  sit  on  a  chair  placed  on  a  square  of  waterproof 
sheeting.  He  should  be  wrapped  in  a  mackintosh 
and  sit  with  his  legs'  apart,  so  that  anything  spilt  on 
the  mackintosh  may  run  into  a  pail  placed  between 
them. 

When  the  tube  has  reached  the  stomach  ask  the 
patient  to  retch  or  strain,  the  end  of  the  funnel  being 
depressed  at  the  same  time.  In  this  way  a  sample,  of 
the  contents  can  usually  be  obtained  and  caught  in 
a  clean  vessel.  Should  this  fail,  press  over  the 
epigastrium  while  the  patient  leans  forward  and  try 
to  drive  the  stomach  contents  up  into  the  tube. 
Should  the  contents  still  fail  to  come  away  the 
following  procedure,  as  recommended  by  Gillespie,* 
may  be  tried  : — "  Fill  the  funnel  with  warm  water, 
pinching  the  india-rubber  tube  a  short  distance  below 

•  "Modem  Gastric  Methods,"  p.  18. 
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with  the  left  hand,  so  that  no  air  can  get  down ;  then 
relaxing  the  pressure,  let  tjie  water  fill  the  tube  to 
some  way  beyond  the  piece  of  glass  inserted  in  the 
middle  of  it.  Then,  when  just  enough  water  has 
been  allowed  to  pass  down  to  fill  the  tube,  lower  the 
funnel,  let  the  water  run  into  the  pail,  and  the 
contents  of  the  stomach  are  sucked  up  by  the  syphon- 
action  thus  induced,  and  may  be  caught,  when  they 
appear  after  the  wdter,  in  a  clean  basin  held  for 
the  purpose.  If  it  is  done  carefully,  little  or  no 
water  enters  the  stomach,  and  hence  the  contents  are 
not  diluted." 

If  one  still  fails,  one  can  run  into  the  stomach  a 
measured  quantity  of  water  to  start  the  syphon-action, 
and  deduct  the  amount  used  in  subsequent  calcula- 
tions, or  one  may  even  be  obliged  to  aspirate  the 
contents  by  means  of  a  rubber  ball  syringe  (such  as 
is  used  for  giving  an  enema)  or  a  partially  exhausted 
aspirating  bottle.  As  far  as  possible,  however,  any 
method  of  aspiration  should  be  avoided,  as  none  is 
free  from  some  risk. 

When  the  stomach  contents  have  been  obtained 
they  should  be  allowed  to  settle  in  a  tall  jar,  after 
which  one  can  proceed  to  examine  them.  If 
necessary,  they  may  be  decolorised  by  shaking  them 
up  with  animal  charcoal.  The  following  points  have 
to  be  ascertained  : — 

1.  Are  the  contents  acid? — Test  with  litmus 
paper. 

2.  Is  the  acidity  due  to  free  acid  or  to  acid 
phosphates  I — This  may  be  tested  in  two  ways  : — 

(a)  Dip  in  a  piece  of  Congo  red  test  paper. 
(Appendix,  8.)  Free  acids  turn  this  blue;  acid 
phosphates  do  not.* 

(6)  Take  5  cc.  or  so  of  the  fluid  in  a  test  tube 

*  Combined  hydrochlorio   acid,  if  present  in  large  amount 
also  gives  a  blue  reaction 
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and  add  to  it  a  pinch  of  calcium  carbonate.  If  effer- 
vescence occurs,  free  acid  is  present.  Filter.  If  the 
filtrate  still  retains  its  acidity,  then  acid  phosphates 
are  present. 

This  test  depends  upon  the  fact  that  free  acid  is 
neutralised  by  calcium  carbonate,  while  acid  phosphates 
are  not. 

3.  IIoi¥  acid  are  the  contents  I — i,e,  total 
acidity. — Take  20  cc.  of  the  original  fluid  (un- 
filtered),  add  280  cc.  of  distilled  i^ter,  and  shake 
up  thoroughly,  so  as  to  break  up  any  particles. 
EKvide  into  two  equal  portions  of  150  cc.  each, 
and  add  to  each  a  few  drops  of  phenol-phthalein 
solution.  Place  the  two  portions  in  separate  flasks, 
and  titrate  one  with  decinormal  soda  solution, 
keeping  the  other  as  a  standard.  Stop  running 
in  the  soda  whenever  the  least  trace  of  flesh 
colour  appears  in  the  flask.  This  can  best  be 
appreciated  by  holding  the  two  flasks  alongside  each 
other  against  a  white  surface.  The  process  may 
then  be  repeated  with  the  other  flask,  and  the  results 
compared. 

The  result  may  be  stated  in  one  of  two  ways  :  (1) 
Directly,  the  number  of  cc.  of  decinormal  soda  solution 
required  to  neutralise  100  cc.  of  the  stomach  con- 
tents being  taken  as  the  "acidity" — e.g.  if  10  cc. 
of  the  stomach  contents  be  titrated,  and  5  cc.  of 
decinormal  soda  run  in  before  a  pink  tinge  is 
produced,  then  50  cc.  of  soda  would  be  required  for 
100  cc.  of  the  fluid,  and  the  acidity  is  50.  The 
normal  acidity  of  stomach  contents  varies  from  30 
to  70. 

(2)  One  may  express  the  result  in  terms  of  HCl. 
Thus  one  litre  of  decinormal  soda  is  required  to 
neutralise  3-65  grms.  of  HOI.  If,  therefore,  100  cc. 
of  stomach  contents  require  50  cc.  of  soda  to  neutralise 
them,  then  the  acidity  of  the  100  cc.  is  equal  to  that 
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I  of  0'18  grm.  HO.— that  ia  to  say,  the  acidity  is  0-18 

I  per  cent.  The  normiil  total  acidity  iu  terms  of  HCl. 
'a  about  02  per  cent.* 

4.  Is  ihc  free  acid  present  mineral  (i.e. 
HCl.),  or  organic  {i.e.  lactic,  acetic,  butyric),  or 
both) 

Gumtburg'n  tesC/ar  free  HCl. — Place  ten  drops  of 
the  stomach  contents  in  a  imrcclain  capsule,  add  an 
equal  quantity  of  the  pbloroglucin  and  vaQilltn 
solution  (Appendix,  6).  Heat  gently,  taking  care  to 
avoid    cliaviing.     When    almost    diy  complete    the 

.  eTaporalion  by  blowing  on  the  surface  of  the  fluid. 

r.if    frtse   hydrochloric  acid  ia  jireBeiit  a  pink  colour 

I'l^pears,  uBually  at  the  periphery  of  the  dried  iluid. 

T  The  reaction  is  only  given  \ij  Jree  hydrochloric 
■cid.  The  combined  acid  and  organic  aoida  do  uot 
yield  it. 

Jioas'»  resorciw  reagent  (Appendix,  6)  may  be 
used  similarly.  It  gives  a  purplish  colour,  This 
■  "  ■  1  sensitive  but  much  more  economical 
than  that  of  Oiinzburg. 

Teslsfor  organic  aeidt. — It  is  best  first  to  dissolve 
ti)ese    out    by   means    of    ether.     Shake  up  10  oo. 

,  ol  the  fluid  wilh  50  cc  of  ether  very  thoroughly 
k  separation  funnel  or  tall  cylinder.  Pom'  oS 
the  ether.  Divide  the  ethereal  extract  into  two 
equal  jwrlionB,  and  place  these  in  wide  beakers. 
Bet  one  in  hot  water ;  allow  the  other  to  evaporate 
slowly  at  the  temperature  of  the  room.  In  the 
former  all  the  ether  will  soon  have  disappeared. 
Dissolve  the  residue  in  about  5  cc.  of  water.     Take 

•  Tlie  pecoaai^  (or  cflJcuIatioo  may  ie  ovoidod  if  one  romom* 
ben  that,  proiideil  ID  oc.  of  coateuti  huvo  buen  tnkoti  aud  tliftt 
tbri-normoi  aoda  is  lued  for  titration,  Ihe  uumber  of  ca.  of  acxla 
J|-  tequind  X  0-366  ==  HCl.  per  1,000  porta,    lu  order  lo  ^t  Iha 
Vforceutnee  of  HCl.  oiio  ba  tmsrel^  to  ahift  the  deciiuol  ^mt  OM 
"^'-lios  to  tha  left.    For  eitn.ile,  it  ID  cc.  of  aadn  Botutian  mo* 
Muired  to  neutnLlisc  10  cc.  of  guitrio  uontents,  the  amount  of 
TOL  proMut  i«  3-OS  per  1,000  or  0-3G6fier  miK. 
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some  of  Uffelmann's  reagent  (Appendix,  7)  in  a  test 
tube,  and  add  to  it  a  few  drops  of  the  watery 
solution.  If  the  blue  solution  changes  to  yellow, 
lactic  acid  is  present. 

The  residue  of  the  second  beaker  is  used  to  test 
for  acetic  and  butyric  acids.  These,  being  volatile, 
would  be  driven  off  unless  the  ether  had  been 
evaporated  at  a  low  temperature.  Dissolve  the 
residue  in  a  little  water.  Neutralise  part  with  a 
little  carbonate  of  soda,  and  add  to  it  some  very 
dilute  neutral  perchloride  of  iron  solution.  A  claret- 
red  colour  indicates  the  presence  of  acetic  acid.  To 
the  other  part  of  the  solution  of  the  residue  add 
a  small  fragment  of  calcium  chloride.  If  oily 
drops  appear  on  the  surface,  butyric  acid  is 
present. 

Acetic  acid  can  also  be  recognised  by  the  odour 
of  vinegar ;  butyric  acid  by  its  characteristically 
rancid  smell. 

In  carrying  out  the  above  tests,  it  is  well  to 
filter  the  stomach  contents  first  through  fine  muslin, 
and  to  use  only  the  filtrate. 

An  approximate  idea  of  the  proportion  of  the 
total  acidity  which  is  made  up  of  free  HCl.,  combined 
HCl.,  lactic  acid,  and  other  organic  acids  respectively, 
may  be  arrived  at  by  a  simple  method  described  by 
Gillespie.*  This  method  depends  upon  the  fact  that  if 
a  poi-tion  of  the  stomach  contents  is  evaporated  to 
complete  dryness  at  boiling  temperature,  lactic  and 
combined  hydrochloric  acids  are  not  volatilised, 
whereas  free  HOI.  and  other  organic  acids  are. 

10  cc.  of  the  filtered  or  unfiltered  gastric  contents 
are  evaporated  in  a  basin  placed  on  a  water  bath  or 
floated  on  a  pan  of  boiling  water.  The  basin  is  left 
for  at  least  an  hour  after  its  contents  seem  to  be  dry. 
A  small  quantity  of  distilled  water  is  then  added 
*  "Modem  Gastric  Methods,"  p.  74. 
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nnd  a  drop  tested  with  pliloroglucin  vanillin.  II 
fife  liydrochloric  acid  is  present  the  evaporation  must 
be  rejjeated,  if  need  be,  tlirice.  TJltimately  the 
residue  is  stirred  up  with  distilled  wat«r,  and  its 
acidity  estimated  by  decinoiinal  Boda  solution.  The 
result  gives  the  amount  of  acidity  due  to  combined 
HCl.  and  lactic  acid,  or,  if  a  qualitativa  teat  has 
shown  absence  of  the  latter,  to  combined  HCL  alone. 
The  presence  of  acid  salts  may  be  ignored.  The 
difference  between  the  acidity  after  evaporation  and 
that  of  an  equal  quantity  of  the  fresh  contents  gives 
the  amount  of  acidity  contributed  by  free  HOI,  and 
volatile  organic  acids  (acetic  and  butyric).  As  the 
rcisidae  left  after  evaporation  is  often  highly  coloured 
some  difficulty  may  be  experienced  in  detertnining 
tlie  esact  point  at  which  the  end  reaction  ofcura. 
The  beat  way  of  overcoming  this  difficulty  is  to  divide 
the  re  dissolved  residue  into  two  parts,  and  to  titrate 
only,  keeping  the  otiicr  as  a  standard  of  corn- 
Are  nlbnmoses  present  I —Place  in  a  test 
ibe  two  or  three  drops  of  a  10  per  cent,  sohition 
of  sulphate  of  copper.  Invert  the  test  tube  so  thai 
most  of  the  solution  i-uns  out  again.  As  much  will 
adhere  to  the  sides  as  is  required  for  the  test. 

Neutralise  a  little  of  tlie  filtered  stomach  eon- 
tenta,  and  arid  about  1  in.  of  the  fluid  to  the 
copper  solution.  'Ilien  add  about  an  equal  amount  of 
caustic  soda  solution  (10  per  lent).  If  atbumosea 
are  present,  a  reddinh  or  pinkish  colour  is  produced 
(biuret  i-eactioo). 

The  [iresence  of  albumoses  proves  the  pi-eaence  of 
pepsin  in  the  gastric  juice.  In  the  absence  of 
olbumesee,  pepstn  can  be  tested  for  by  its  digestive 
action  on  ogg  albumen.*  Strips  of  hard-boiled  white 
of  egg  are  cut  with  a  do uble-b laded  knife  and  discs 

It  li  ouly  I1C00WU7  to  teat  for  pepain  il  free  HCl  i^  Kbtant 
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punched  out  by  a  cork  borer.  These  are  preserved 
in  glycerine  till  required  To  each  of  four  test  tubes 
5  cc.  of  filtered  gastric  contents  and  a  disc  of  egg- 
white  are  added.  The  fii-Bt  tube  receives  no  further 
addition;  to  the  second  add  two  drops  of  dilute 
hydrochloric  acid  (B.P.) ;  to  the  third,  three  grains 
of  pure  pepsin;  and  to  the  fourth,  both  acid  and 
pepsin.  Keep  all  the  tubes  about  body  temperature. 
The  rate  at  which  the  disc  dissolves  in  the  different 
tubes  will  show  which  ingredient,  if  any,  is  deficient 
in  the  gastric  juice. 

Product  of  test  breakfast  in  health.— If 
a  test  breakfast  be  given  to  a  healthy  person 
and  the  contents  removed  one  hour  afterwards, 
it  will  be  found  that  20  cc.  to  40  cc.  of  fluid  are 
obtained.  This  is  transparent,  straw-coloured,  of 
an  acidity  equal  to  that  of  0  2  per  cent,  or  so  HCl. ; 
it  contains  free  hydrochloric  bub  no  organic  acid. 
Albumoses  are  present.  * 

In  some  functional  disorders  of  the  stomach  the 
total  acidity  of  the  contents  is  increased,  rising 
above  that  of  0  2  per  cent.  HCl.  Sometimes  no  free 
HCL  is  found.  In  cases  of  malignant  disease  of 
the  stomach  the  absence  of  HCl.  is  of  sufficient 
constancy  to  be  of  diagnostic  value.  The  presence 
of  organic  acids  is  an  indication  of  the  existence  of 
abnormal  fermentative  processes  in  the  stomach. 

The  absorptive  power  of  the  stomach  cannot 
be  satisfactorily  tested. 

The  motor  power  is  best  tested  by  means  of  a 
test  dinner.  Seven  hours  after  such  a  dinner  the 
stomach  should  contain  no  food,  and  its  contents 
should  be  neutral.  If  expulsion  of  the  contents  has 
not  been  active  the  fluid  withdrawn  will  have  an 
acid  reaction,  and  will  show  the  presence  of  albumoses. 
The  presence  of  large  lumps  or  fragments  indicates 
Bnfeeblement  of  the  churning  power. 
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SECTION    v.— EXAMINATION 

VOMIT. 


I,  Nokcd-ere  characters. — Tlie  general  char- 
aoter  of  the  vomit  varies  greatly,  of  course,  with 
the  nature  of  the  food  which  has  been  taken.  In 
dilatation  of  llta  stomach  the  vomit  is  apt  to  be 
very  copious,  Koiir-amelliiig,  and  after  standing 
exhibits  a  froth  oa  the  sarfaoe.  Bitioun  •comil  is 
yellow  or  green  in  colour ;  Jeecal  vomit  presents  a 
very  similar  appearance,  Imt  in  diatinguished  by  its 
feecal  oilour  and  by  its  neutral  or  allfiiline  reaction. 
The  presence  of  much  Jiirwua  gives  to  the  vomit  a 
viscid    oonsistence.     The    appearance    of    the    vomit 

Sin  hfematemeaia  varies.  If  the  bleeding  be  very 
eopiouB,  the  vomit  may  present  the  appearance  of 
^ure  blood  and  may  contain  clots.  Such  bleeding 
»ay.  proceed  from  a  gastric  ulcer  or  from  varicose 
CBsopliageal  veins.  More  commonly  the  blood  is 
altered  in  colour  by  beirjg  retained  ^r  some  time  in 
contact  witb  the  gastric  juice.  Thus  it  may  be 
blackish  in  colour  or  dark  brown.  The  latter  appear- 
ance is  due  to  the  conversion  of  hcemoglobiu  into 
faffiniatin.  The  altered  blood  gives  to  the  vomit  an 
appearance  often  compared  to  that  of  coffee  grounds 
or  httT-c  soup.  It  should  be  borne  in  mind  that  the 
taking  of  preparations  of  iron  or  red  wines  may 
produce  a  very  similar  appearance  in  the  vomit. 
Vomit  which  contains  dark  green  bile  may  resemble 
V617  closely  vomit  which  contains  blood.  On  dilut- 
ing with  water,  however,  the  green  colour  of  the  bile 
becomes  moi-e  apparant,  while  blood  remains  dark. 

2.  Chemical  vSHiiiiiiuilon. — The  vomit  should 
be  Altered  through  fine  muslin.  Tlie  filtrate  can 
then  l>e  examined,  if  desired,  in  the  manner  already 
described  for  the  stomach  contents. 

Bll«  can   be  detected  by  Ouielin's  test  (p.  3Q4). 
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For  the  chemical  detection  of  blood  in  the  vomit  the 
guaiac  test  is  not  satisfactory.  It  is  better  to  take 
up  some  of  the  brown  deposit  with  a  pipette,  to  place 
it  in  a  porcelain  capsule,  and  add  a  pinch  of  powdered 
chlorate  of  potash  and  a  few  drops  of  strong  hydro- 
chloric acid.  Heat  till  dissolved.  Cool  and  add  a 
few  drops  of  ferrocyanide  of  potash  solution.  A 
blue  colour  indicates  that  blood  is  present.  The 
reaction  is  due  tq  the  iron  contained  in  the  blood 
pigment.  If  the  patient  has  been  taking  iron  the 
test  is,  of  course,  inapplicable.  In  such  a  case  some 
of  the  deposit  should  be  digested  with  caustic  potash, 
filtered,  and  the  solution  examined  for  the  spectrum 
of  alkaline  hsematin,  or  the  deposit  may  be  subjected 
to  Teichmann's  test  (Appendix,  19).  To  confirm  the 
test,  add  to  the  alkaline  hsematin  solution  a  few 
drops  of  sulphide  of  ammonium,  which  converts  it 
into  hsemochromogen.  The  spectrum  of  the  latter  is 
identified  by  its  possessing  two  bands,  one,  narrow 
and  dark,  in  the  yellow  between  D  and  E,  the 
other,  broader  and  less  dark,  at  tlie  junction  of  the 
yellow  and  green  between  the  lines  E  and  b  (Fig.  73, 
p.  232). 

3.  Jflicroscopic  examination  (Fig.  11). — 
Take  up  some  of  the  deposit  which  adheres  to  the 
muslin,  spriead  it  out  on  a  slide,  and  examine  either 
directly  or  in  a  drop  of  salt  solution. 

Various  particles  derived  from  the  food  may  be 
recognised.  Muscle  fibres  by  their  transverse  striae. 
Sta/rch  granules  by  their  concentric  lines  and  the  fact 
that  a  drop  of  very  dilute  iodine  solution  turns  them 
blue.  Elastic  fibres  by  their  double  contour  and  bold 
curves.     Fatty  particles  by  their  high  refractility. 

Various  vc§^etabie  parasites  may  be  present. 
The  most  important  are  the  sarcina  ventriciiii 
(a  large  micrococcus)  and  the  yeast  fung^i.  The 
former  can    be    recognised   by  their   forming  small 
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cubical  packets  of  cells  resembling  miniature  bales 
of  wool ;  the  latter  consist  of  round  or  oval  cells  in 
chains  or  clusters.  They  are  naually  about  the  size  of 
white  blood  coi-puscles. 

The  addition  of  a  very  little  dilute  iodine  solution 
to  the  vomited  matter  may  render  the  detection  of 
sarcina?  move  easy.  Tlie  iodine  staioa  them  a  deep 
mahogany  brown. 


Permanent  preparations  of  these  fungi  may  be 
made  by  spreading  out  some  of  the  deposit  in  a  thin 
layer  on  a  cover  glass  and  drying  over  a  flame.  The 
best  stain  for  sarciiite  is  an  extremely  dilute — almost 
trans|)arent — solution  of  gentian  violet.  Stain  for  a 
minuto  or  two.  Biamarck  brown  also  gives  good 
results ;  stain  very  briefly.  For  yeasts  use  a  2  per 
cent,  solution  of  methylene  blue,  and  stain  for  half  a 
minute.  Wash  in  water  in  both  cases,  dry  between 
filter  papers,  and  mount  in  balsam. 


t 


The  Fmces.  93 

SECTION  VI.— EXAMINATION   OF    F^CEa 

1.  Naked  eye. 

The  following  points  should  be  attended  to  : — 
(a)  Amount  of  the  daily  stools ; 
(6i  Their  colour ; 
(c)  Their  odour  ; 

id)  Their  consistence  and  form  ; 
e)  The  presence  of  any  abnormal  ingredients. 

As  regards  amount^  it  is  usually  sufficient  to 
state  whether  the  stools  are  copious  or  scanty.  The 
average  daily  amount  of  faeces  in  health  is  120-1 80  grms. 
(about  4  ozs.). 

The  colour  of  normal  faeces  is  partly  due  to 
urobiliD,  partly  to  chlorophyll  and  other  pigments. 
The  presence  of  unaltered  bile  pigment  is  always 
abnormal,  and  may  be  due  to  increased  rapidity  of 
peristalsis.  Black  stools  may  be  produced  by  the 
administration  of  iron,  bismuth,  or  manganese.  In 
hsemoiThage  high  up  in  the  intestine  the  altered  blood 
makes  the  stools  dark,  tarry-looking,  and  very  offensive. 
The  blackness  due  to  blood  may  be  distinguished  from 
that  produced  by  drugs  by  mixing  part  of  the  stool 
with  twice  its  volume  of  water  and  allowing  it  to 
stand  in  a  glass  jar.  If  blood  be  present  the  water 
becomes  reddish  :  under  other  conditions  it  remains 
dark  or  greenish. 

Pallor  of  the  stools  may  be  due  to  an  obstruction 
to  the  entrance  of  bile  into  the  intestine,  as  in  jaun- 
dice, or  to  extreme  dilution  of  the  stool,  as  in  cholera. 

The  odour  of  the  faeces  is  due  to  the  presence  of 
indol  and  skatol.  The  absence  of  bile  seems  to 
favour  putrefaction,  hence  the  stools  in  jaundice  are 
often  very  oiFensive.  Cholera  stools,  on  the  other 
hand,  contain  very  little  organic  matter,  and  are 
almost  free  from  odour.  In  fermentative  processes 
iu  the  intestine  the  stools  may  have  a  sour  smelL 


w 


Examination  of  F^ces. 


Tlie  form  ■'-nd  consislenr.c  of  the  stools  ie 
importance.  In  obstintite  constipation  the  stools  may 
be  much  drier  and  hardei'  than  normal,  and  even 
friable.  In  all  forms  of  diarrhoea  they  are  morefluid 
than  normal,  and  may  even  be  watery.  Slimy  stools 
are  due  to  the  presence  of  an  excess  of  nuicus. 

It  is  important  to  note  whether  the  stools  are 
formed  or  fluid,  If  foi'med,  any  abnormality  in  the 
shape  should  be  noted.  The  stools  of  constipation 
have  often  the  form  of  roand  balls,  frequently  coated 
with  mucus.  In  obstruction  in  the  large  intestine 
the  stools  may  be  riblxinJike.  If  ascites  is  present, 
the  pressure  of  tlie  fluid  on  the  bowel  often  leads  to 
flattening  of  the  foeces.  The  presence  of  a  rectal 
polypus  may  produce  a  groove  or  furrow  along  the 

In  oi'der  to  f»ciiitate  the  detection  of  abnonnnl 
Ingrcdiriils,  the  stool  should  be  placed  on  a  hne 
sieve,  and  a  large  quantity  of  water  added.  The 
whole  isthenshaken  and  stirred  up  till  thesoluble  parts 
are  all  washed  away.     The  residue  is  tlien  examined. 

Gall  stones  are  easily  I'ecognised.  It  ia  important 
to  note  wlietlier  tliey  are  facetted  or  not,  for,  if  they 
are,  then  the  stoiics  are  multiple.  Particles  of  un- 
digested food,  fruit  stones,  foreign  bodies,  concretions 
— e.g.  those  produced  by  magnesia — and  parasites 
should  all  be  looked  for. 

The  full  consideration  of  the  parasites  which  may 
be  found  in  the  stools  is  undertaken  later.  We 
would  only  mention  here  that  one  bus  often  to  search 
Btoola  for  the  head  of  a  tapeworm.  The  best  method 
of  procedui-e  in  such  a  case  is  to  add  to  the  stool  a 
considerable  quantity  of  water  containing  a  little 
carbolic  acid,  and  lo  shake  llie  mixture  gently  for  n 
few  iitomeiits.  It  is  then  allowed  to  stand  for  about 
ten  minutes.  The  parasite  sinks  to  the  bottom,  the 
Mparatttut  fluid  is  poured  oS*,  and  moio  water  added 
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till  the  residue  is  nearly  colourless.  The  parasite 
will  then  be  readily  found.  The  bead  is  only  about 
as  large  as  that  of  a  large  pin,  and  the  neck  about  as 
thick  as  a  stout  thread. 

Special  terms  are  applied  in  clinical  medicine  to 
some  particular  varieties  of  stool. 

The  hilioua  stool  is  well  illustrated  in  the  typical 
stool  of  typhoid  fever.  Its  characters  are  described 
in  the  term  of  "  pea  soup"  stool,  usual. y  applied  to  it. 

Watery  stools  are  found  in  all  cases  of  colliquative 
diarrhoea,  and  after  the  administration  of  hydragogue 
cathartics.  To  the  watery  stools  of  cbolera  the 
special  name  of  rice-toater  stools  is  applied.  Such  a 
stool  is  colourless,  devoid  of  odour,  alkaline  in  reac- 
tion^  and  contains  a  number  of  small  flocculi,  consist- 
ing of  shi-eds  of  epithelium  and  particles  of  mucus. 
The  name  is  applied  to  it  from  its  resemblance  to  the 
water  in  which  rice  has  been  boiled.  Purulent^  or 
pus-containing,  stools  are  found  in  severe  dysentery 
or  intestinal  ulceration,  or  in  cases  where  an  abscess 
has  found  its  way  into  the  intestine.  Slimy  stools 
are  due  to  the  presence  of  an  excess  of  mucus,  and 
point  to  an  affection  of  the  large  bowel.  The  mucus 
may  envelop  the  fsecal  masses,  or  may  be  intimately 
mixed  with  them.  Bloody  stools  vary  in  appearance 
according  to  the  site  of  the  haemorrhage.  If  the 
latter  takes  place  high  up,  the  stools  look  like  tar,  as 
has  been  already  mentioned.  In  an  ordinary  intus- 
susception the  stools  may  look  like  red  currant  jelly. 
In  those  rare  cases  in  which  the  intussusception 
occurs  in  the  jejunum  the  appearance  of  the 
material  passed  per  anum  has  been  compared  to 
ihat  of  a  melted  strawberry  ice.  If  the  haemorrhage 
30  from  the  large  intestine,  the  blood  is  less  intimately 
nixed  with  the  fsecal  matter,  and  may  even  be  of  a 
}right  colour.  In  haemorrhage  from  the  rectum  or 
mus  it  may  merely  streak  the  faecal  masses. 
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In  membranous  colitis  the  motions  consist  almost 
exclusively  of  casts  of  the  bowel,  which  are  mainly 
composed  of  mucin.  The  individual  casts  vary  con- 
siderably in  size,  being  commonly  from  one  to  six 
inches  long,  but  in  exceptional  cases  attaining  a 
length  of  a  foot  or  more.  They  vary  in  width 
from  narrow  strips  to  tubes  more  than  an  inch  in 
diameter;  they  are  sometimes  grey  and  transparent 
like  ordinary  mucus,  at  other  times  they  are  moi-e 
opaque  and  resemble  the  casts  formed  in  the  air- 
passages  in  membranous  croup.  Sometimes  they  are 
stained  of  a  brownish  yellow  colour  from  adherent 
or  incorporated  faecal  matter;  rarely  they  are  red 
from  the  presence  of  blood.  They  are  often  very 
abundant,  and  may  become  agglomerated  into  insu- 
lar masses  which,  when  floated  on  water,  can  be  un- 
ravelled into  their  component  pai'ts.  As  a  rule  the  cast 
is  tubular,  but  the  wall  varies  much  in  thickness,  and 
the  lumen  may  be  obliterated.  If  teased  out  in 
water  one  can  sometimes  separate  the  cast  into 
membranous  layers,  between  which  small  particles 
of  faecal  matter  may  bo  observed. 

These  casts,  when  small,  may,  on  casual  observa- 
tion, be  mistaken  for  segments  of  tapeworm.  On 
the  other  hand,  cases  are  recorded  where  the  remains 
of  indigestible  substances  in  the  food  or  firm  clots 
of  curdled  .milk  have  been  regarded  as  casts. 

Chemically  they  are  mainly  composed  of  a  mucin 
body  with  which  small  amounts  of  globulin  and 
other  albuminoids  are  associated.  The  presence  of 
fibrin  in  any  quantity  appears  to  be  very  uncommon, 
if,  indeed,  it  ever  occurs.* 

When  examined    under   the  microscope  without 

•  If  i)re8ent,  fibriu  may  be  demonstrated  by  fixing  and 
liardtMiing  a  small  ]K)rtiou  of  the  cast  with  sublimate  aud  alco- 
hol and,  after  prc])aring  a  section  for  the  microscope,  staining 
it  with  Ehrlich's  triple  stain,  when  the  mucin  is  coloured  green, 
whilst  albumins  and  nbrin  appear  red. 
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stny  preliminary  fixation,  the  casts  resemble  ordinary 
intestinal  mucus,  apd  are  seen  to  consist  of  a  hyaline 
matrix  in  which  great  abundance  of  cylindrical 
epithelium  is  embedded.  The  epithelium  is  often 
aggregated  in  clumps,  some  of  which  by  their  form 
appear  to  have  been  derived  from  Lieberkuhn's 
crypts,  and  it  may  either  be  well  preserved  or 
shrunken  and  vacuolated.  It  is  unusual  to  find 
many  pus-cells  in  the  cast  Bacteria  are  always 
present — sometimes  in  enormous  numbers — and  traces 
of  faecal  matter,  as  well  as  crystals  of  cholesterin  and 
of  triple  phosphate,  are  usually  visible. 

Sections  of  hardened  specimens  show   that   the 
wall  is  composed  of  successive  laminae. 

2.  microscopic  examination  of  fceccs. 
If  the  stool  is  solid,  a  small  particle  of  it  should 
be  picked  up  with  forceps,  placed  on  a  slide,  and 
mixed  with  a  little  salt  solution.  If  the  stool  is 
liquid,  a  portion  of  the  deposit  should  be  removed 
with  a  pipette  and  placed  on  the  slide  without  salt 
solution.  A  cover  glass  is  put  on  in  either  case,  and 
the  specimen  examined  directly.  Should  it  be 
desirable  to  use  any  stain,  a  little  very  dilute  watery 
eosin  is  to  be  recommended  for  the  purpose. 

One  may  find  (1)  particles  of  food — as  already 
described   in   the  vomit;  (2)  cells — red    blood    cor- 
puscles, intestinal  epithelial  cells,  pus  corpuscles,  or 
leucocytes ;     (3)    crystals  —  e,g.    triple    phosphates, 
phosphate  of  lime,  cholesterin,  fatty  and  haematoidin 
crystals.      None  of  these  has  any  pathological  sig- 
nificance.     (4)  Parasites  and  bacteria  may  also  be 
round.     The  latter  are  considered  in  Chapter  XIV. ; 
)he  former  demand  a  more  detailed  description  here. 
Phe   parasites   which   occur  in  the   intestinal    tract 
nclude   worms   and   protozoa.      The  worms  belong 
ither  to  the  nematoda  or  to  the  flat  worms,  the  latter 
roup    containing    the    cestoda,    which    are    fairly 
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common,  and  the  flukes,  whicb,  iu  Europe  at  lew 
arc  by  no  means  ovdinarily  found  in  man. 

(A)  Nematoda. 

1.  Perhaps  tlie  commonest  of  all  inlernal  parasil 


is  the  small  threadworm, 
Oxynrls  vennirn. 
laris,  whose  presence  is 
associated  with  consider- 
able itching  about  the 
auus.  1 1  inhabits  the  krgo 
inteiitiDBB,  ctecum  and 
verm  if orm  appendi}£,and 
Bpecimena  can  often  be 
Bo«D  wriggling  about  in 
the  recently -passed 
molionx  of  their  hotst. 
To  t'lo  naked  eye  tliey 
look  like  small  white 
tlireodii,  from  a.  liu.)f  to 
one  centimetre  in  length. 
Under  the  uucroacope 
the  female  may  be  dis- 
I  tingaished  by  tho  large 
I  uterus  filled  with  ova, 
and     tho    pointed    pos- 


11.1,    wliel 


■,  its 


I  (Figa.  la,  13,  18, 


Nema  to  da. 


62.  Ascarls  I  umbr  Isoldes 
Las  ft  general  resenibinnco  to  an 
earth-worm.  1 1  measii  its,  as  ii  rule, 
fioui  eix  to  eight  ioclies,  and  sonie- 
tinies  coasideiuhly 
esceedB  tbia  lenglU. 
Not  infrequent  I  y  its 
^'^  H'— Aii'iJ'iD'tona  preeenoe  in  children 
a  nuiin-Nronuii*.  B«i  '^  associated  with 
'mile,  'li/urriij/^i  nervous  difiorilevs. 
The  ova,  which  can 
occasionally  be  found  in  the  dejecta, 
have  brownish-yellow  granular  con- 
tents, and  in  many  cases  the  Bbell 
ia  surrounded  by  an  irr^ular  albu- 
minous sheath  (Fig.  18,  d). 

3.  -Ascuris  myslax,  a  closely- 
allied  worm,  is  soinetinies  panisttic 
inchildren;  the  infection  is  got  from 

4.  AnhylosiODin    duodeiiale 

is  a  parasite  whose  presence  is  frauglit 
with  muchgreater  lisk  to  the  host  than 
that  of  those  already  mentioned,  as  it 
causes  profound  aniemia  by  drawing 
blood  from  the  wall  of  the  bowel.  It 
lives  for  the  most  part  in  the  upper  part 
of  the  jejunum,  and  its  existence  tbtrc 
b  rendered  probable,  when,  in  an 
infested  district,  severe  ajuemia,  other- 
wise inexplicable,  sets  in.  The  diag- 
nosis is  clinched  by  the  discovery 
of  ova  in  the  motions.  They  exhibit 
II  segmented  yolk,  enclosed  in  a  thin 
eIilII,  ajid  ai^e  Biifficiently  ntinienius 
U>  be  readily  detected.  The  adult 
Tonn,  viaek    in  rarely  aBBa  huiare 
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therapeutic  agents  Lave  Vjeen  employed,  is  about  Lalf 
an  inch  long,  and  tliemoulh  is providad  with  four  claw- 
like teeth.  The  mnle  is  distinguished  by  its  lolied 
caudalLursa  (Figs.  14,  15). 

5,  Trichoct'plialiis*  disiiar    is,     perhaps,    a 


Hum  mi^ht  bo  f 
l>ecteil ;  its  [iresenco 
I  Joes   not    seenj  to 


The 


'  J8  under  two  inches, 
its  colour  is  white,  the  anterior  |)ortion  is  much 
nai'i'ower  than  the  posterior,  and  is  buried  in  tlie 
mncosa  of  the  caicum.  The  ova  are  vei^  characteristic, 
and  when  present  are  readily  recognised  (Figs.  1.6, 
18,  c). 

G.  Trichina  spirniis  occurs  in  the  alimentary 
canal  ill  the  sexually  mature  atal*.  The  striped  muscles 
are  the  liahitat  of  the  embryonic  form,  and  when  much 
affected  they  may  become  ahortened.  This  is  well 
Been  in  the  biccpa,  where  the  contraction  tniluces  a 
very  typical  flexion  of  the  forearm.  The  adult  male 
^^neftsurea  1-5  mm.  in  length;  the  female,  which  is 
riviparoUB,  is  about  twice  as  long. 
(B)  Cehtoda. 

Many  different  kinds  of  tapeworm  have  been  found 

'  OS  parasites  in  man,  but  tiiose  of  most  importance 

are  Tn<nia  solium,  T.  mediocanellata,  and  T.  echino- 

cus.      Tffinia  cucumerina  is  also  ocoisionally  found 

childrea     Besides   its   occurrence    in    the    fully 

leveloped  state,  T.  solium    may  be  present  in   tho 

"uoM,  in  the  form  of  a  cysticercus ;  T.  mediocanel- 

it  almost  never  found  iiu  this  condition  in  man ; 

1  the  cystic 


stage,   and    has   never  been  found    in    the    mftture 
condition  m  the  human  intestinal  tract  (Fi^   17). 
The  presence  of  an  adult  tapeworm  in  the  bowel 


is  generally  revealed  l>y  the  passage  of  ripe  proglot- 
tides in  the  stools,  and  after  the  admin ta (ration  of 
anthelmintics  the  head  may  be  detected  by  the 
methods  previously  described. 
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1.  TRnia  solinm  (Figa.  17,  a,  a',  18,  d).     The 

mtiture  worm  measures  2  or  3  yards  in  length  ;  a  ripe 
proglottis  is  about  10  mm.  long,  and  6  mm.  broad,  with 
the  sexual  opening  placed  laterally ;  the  uterus  ia 
coarsely  branched.  The  head,  whose  size  iq  about  the 
some  as  the  head  of  a  large  ordinary  pin,  lias  four 
suckers,  often  pigmented,  and  a  small  rostellum,  with  » 
ring  of  20  to  30  booklets.  The  ova,  which  are  nearly 
spherical,  are  readily  recognised  by  their  thick  aholl, 
with  radiating  striations.  Inside  tlie  ovum,  when 
mature,  the  six  booklets  of  the  embryo  may  be  visible. 
The  cysticercus  varies  in  sine  according  to  ita 
situation,  but  never  attains  anything  approaching  the 
magnitude  of  an  ecliinococcus  cyst.  The  vesiole 
contains  one  head  only,  whence  the  adult  worm  is 
developed. 

2.  T.  medio  cane  I  In  tH  (sasinntn)  is  larger 
than  T.  solium,  and  attains  a  length  of  5  to 
9  yards.  The  ripe  proglottides  measure  16  miu.  in 
length,  by  5  inm.  in  bi-eadtb,  hut  immature  segments 
are  broader  than  they  are  long.  Very  often  thoy 
exhibit  movements  after  they  have  been  detached 
from  the  strobilus  and  have  jjassed  from  the  bowel. 
The  sexual  opening  is  lateral,  and  the  uterus  ia 
finely  ramified,  with  frequent  dicbotomous  divisions 
of  the  primary  branches.  The  head  is  rather  square 
in  outline,  and  is  larger  than  that  of  T.  solium.  It 
has  four  suckers,  but  is  devoid  of  booklets.  The 
ova  closely  resemble  those  of  T.  solium,  but  are 
slightly  longer  in  proportion  to  their  breadth  (Figs. 
17, /^i',  18,  E). 

3.  T.  FcblDOCOCCUS — The  adult  worm,  which 
consists  of  a  head  and  three  segments,  and  whose 
length  is  only  four  or  five  millimetres,  need  not  be 
fully  deitcribed,  since  it  is  not  found  in  man.  The 
eymia  stage  is  very  imjioi-tant,  ns  it  gives  rise  to 
serious  disease  in  many  of  the  viscora,  and  especi^ 
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in  the  liver.*  The  cysts  of  this  taenia  are  not  simple, 
but  produce,  from  their  inner  surface,  one  or  two 
generations  of  secondary  vesicles,  on  which  the  brood- 
capsules,  containing  the  cestode  heads,  are  formed. 
During  the  peiiod  in  which  this  process  is  going  on  the 
primary  vesicle  dilates  to  accommodate  its  increasing 
contents,  and  may  eventually  reach  the  size  of  a 
cocoa-nut.  The  vesicles  may  rupture  spontaneously 
and  their  contents  may  escape  by  the  lungs,  by  the 
bowel,  or  by  the  urinary  passages,  or  specimens  may 
be  obtained  by  aspiration,  or  after  surgical  interference. 
In  a  case  of  suspected  hydatid  disease  one  may  re- 
quire  to  found  the  diagnosis  either  on  the  chemical 
nature  of  the  fluid  withdr&wn,  or  on  the  recognition 
of  booklets  or  scolices,  or  on  the  appearance  of  the 
ectocyst,  portions  of  which  are  sometimes  discharged, 
especially  when  the  cyst  has  opened  into  the  lungs 
and  bronchi  (Fig.  17,  e,  e',/,  ^,  A). 

The  fluid  is  clear,  alkaline,  devoid  of  albumen, 
and  contains  abundance  of  sodium  chloride  and  traces 
of  glucose.  Its  density  is  low,  being  generally  under 
1*010.  The  appearance  of  echinococcus  hooklets  is 
shown  in  Fig.  17,  g^  i.  The  scolex,  if  it  is  obtained 
in  a  perfect  condition,  is  about-  1  to  1^  mm.  in 
diameter,  and  a  number  of  them  often  spring  in  a 
group  from  one  brood-capsule.  They  have  four 
suckers  and  a  crown  of  hooklets.  Portions  of  the 
ectocyst  appear  as  whitish-yellow  shreds,  which  can  be 
recognised  under  the  microscope  ( x  250  diam.)  by 
their  lamination,  and  by  the  pectinate  markings  on 
the  laminae  (Fig.  17,  h), 

4.  T.  cucninerina  and  Bothriocephaliis 
latus,  though  rare  in  Biitain,  are  common  in  some 
parts  of  Europe.     The  appearance  of  the  head,  and  a 

•  The  so-called  "  hydatid  thrill "  is  described  elsewhere  (p.  2G). 
It  may  occur  where  there  are  no  daughter  cysts,  and  it  may  be 
absent  when  daughter  cysts  occur. 
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mature  s^;ment  of  each  is  shown  in  Fig.  17,  d,  cT,  c, 
c',  and  the  ovum  in  Fig.  18,  p. 

(C)  Tbematoda  (Fig.  18), 

1.  Dlstoma  bepatlcnH  (Fig.  18,  a)  is  rather 
rare  as  a  human  parastt«.  Wfaeu  it  does  occur,  the 
ova  may  be  found  in  the  fieces  and  are  recognised  by 
tlieir  brown  colour,  and  by  the  presence  of  an  oper- 


culum at  one  pole.  The  adult  fluke  is  leaf-shaped, 
and  measures  about  25  mm.  by  12  mm. 

2.  Distoma  lanceolatiim  (Fig.  IS,  h)  is  con- 
siderably smaller,  and  is  narrower  in  proportion  to 
its  length.  The  ova  are  similar  to  those  of  D.  hepa- 
ticum,  but  smaller. 

(D)  Protozoa. 

A  number  of  protozoa,  including  members  both  of 
the  Rhizopoda  and  Infusoria,  have  been  found  in  the 
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EXAMINATtOS  Of    F.mCES. 


The  only  one  which  is  of  undoubted  clinical 
[  impoi-tancB  is  the  Ainorbn  dyscnlerlic,  which  » 
.  groat   proportion  of  cases  of   tropical 
dysentery,  and  »Iao  in  tropical  abscess  of   the  liver 

(fie.  19). 

When   in  a  state  of  activity  they  vary  in  form, 

and  throw  out  pseiidopodia,  which  are  tliick  and  few 

in  number ;  usually  only  one  or  two  sre  present.  The 

division  of  the  two  plasma  layers  is  indistinct  and  the 

ectoplasm  is  small  in  nmount.     At  rest  they  become 

spherical,  measure  on  an  avera^  fram   12   to    2(>^ 

in  diameter,  and  generally  exhibit  a  nucleus.     The 

resting  condition  is  that  in  which  they  aro  usually 

found  in  the  ficees,  when  tUey  are  recognised  by  their 

high  refractility  and  their  greeuish  tint.     Foi'  careful 

examination,    Latleur*  recommends    that    a    portion 

of  the  dejecta  should  be  hardened  in  Miiller's  fluid, 

and    subsequently  cut    and  stained    like  sections  of 

_  tissues  ;  or  cover   glasses,  smeared  with  a  thin  Him 

\-fA    the  fiecal  material,  can  be  prepared.     The  stain 

'which    he    prefers   is   methylene  blue.     Tlie  amueb.i 

is  most  easily  detected  in  the  little  masses  of  mucus 

which  occur  in  the  stool,  and  attention  i^hould  always 

be  carefully  directed  to  these.     When  the  motion  ia 

pultaceous  the  addition  of  warm  solution  of  sodium 

chloride  will  be  found  to  facilitate  the  preparation  of 

a  euiUible  film,  in  which   the  organisms  may  be  seen 

moving  about  if  care  be  taken  to  maintain  the  slide 

at  the  temperature  of  the  body.     If  the  motion  is  a 

formed  one  the  mucus  adhering  to  its  surface  should 

Kbe   exclusively  exumined.      In   addition    to    amcebte 

Kllysenterio  stools  invariably  contain  bacteria,  amongst 

vvbich  streptococci  and   tho  bacillus   eoli    communis 

Q  to  preponderate. 

'  vol,  tL,  p.  'in. 
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CHAPTER  IV. 

Circulatory  System. 

SECTION  I.— ANATOMY. 

This  system  is  composed  of  two  main  elements — the 
heart  and  the  blood-vessels — and  these  are  for  the 
most  part  dealt  with  separately,  although,  when 
the  chest  is  exposed  for  the  examination  of  the 
heart,  the  vessels  in  the  thorax  and  at  the  root  of 
the  neck  are  more  conveniently  examined  along 
with  it.     (See  Plate  I.) 

Tbe  heart  lies  obliquely  in  the  thorax,  being  in- 
clined from  above  downwaixis,  forwards,  and  to  the 
left.  Two-thirds  of  it  lie  to  the  left  (Jf  the  middle 
line.  The  part  which  reaches  highest  in  the  thorax 
is  the  left  av/ricular  appendix^  which  in  the  cadaver 
extends  as  far  up  as  the  second  left  costal  cartilage. 
During  life  it  is  usually  opposite  the  second  inter- 
space or  lower  border  of  the  second  cartilage,  as  the 
diaphragm  then  occupies  a  lower  level.  The  greater 
portion,  however,  of  the  left  auricle  lies  posteriorly, 
and  constitutes  the  hindmost  cavity  of  the  heart. 

The  right  auride  is  the  chamber  that  lies  most 
to  the  right.  It  extends  somewhat  beyond  the 
right  margin  of  the  sternum,  and  its  border  may 
be  traced  by  a  curved  line  joining  the  third  and 
seventh  right  chondro-sternal  articulations,  and 
reaching  about  one  inch  *  to  the  right  of  the 
sternum. 

The  right  ventricle  occupies  the  great  portion  of 
the  front  of  the  heart.  Its  inferior  margin  extends 
from  the  seventh  right  chondro-sternal  articulation 

*  Luschka. 
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to  the  apex,  and  constitutes  the  lower  border  of  the 

The  Uft  vmUricle  only  ajipeare  in  front  as  a 
narrow  strip,  scarcely  half  an  inch  broad,  and  its 
outline  completes  that  of  the  heart  on  the  left,  where 
its  border  foiins  a  curved  line,  ascending  from  .the 
apex  to  the  lower  margin  of  the  second  lefl  iut«r- 
space  at  a  point  just  internal  to  the  parasternal  line. 

The  topogi-aphical  anatomy  of  the  valves  of  the 

heart  and  of  the  great  vessels  will  be  discussed  in 

connection  with  auscultation,  as  it    is  in    this    de- 

Ttnient  that  a  knowledge  of  their  situation  is  most 

lesaary  (pp.  145-172). 

The  most  important  organs  which  come  into 
relation  with  the  heart  are  the  lungs  on  either  side, 
the  liver  below,  and  the  great  vessels  above.  A  small 
[loi'tion  ot  the  anterior  surface  is  only  sejiarated  from 
tlie  thoracic  wall  by  the  anterior  mediastinum,  whilst 
behind,  the  heart  is  in  relation  with  the  structures 
that  occupy  the  posterior  raediaatinum. 

That  portion  of  the  anterior  aspect  of  the  chest 
whicli  overlies  the  heart  is  known  as  tiie  pracordlal 
iglon. 

It  is  often  ncoessary  to  define  the  exact  situation 
tbf  a.  point  on  the  front  of  the  thorax,  and  certain 
landmarks,  some  natural  and  some  artificial,  are 
commonly  made  use  of  for  tliis  purpose. 

1'h«  rll»s  mid  liilerKpaces  on  either  side  form 
coDveuient  horizontal  landmarks.  In  order  to  count 
tlieni,  line  must  feel  for  the  ridge  which  marks  the 
junction  of  tbo  manubrium  with  the  body  of  the 
sluniuiii,  known  as  the  angle  of  Louis.*  When 
this  has  U-cn  found,  by  running  tlio  finger  outwards 
it  reaches  the  second  costal  cartilage,  which  articulates 
with  the  sternum  at  this  levi-l.  It  is  then  easy  to 
reckon  upwards  or  downwards  to  tbo  other  ribs.    The 
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determination  of  the  first  rib  directly  is  neither  so 
easy  nor  so  certain,  since  it  is  overlapped  by  the 
clavicle. 

In  order  to  define  the  distance  of  any  given  point 
from  the  mesial  sagittal  plane  of  the  body,  a  series 
of  vertical  lines  is  imagined  to  be  drawn  on  the 
chest.  These  are  the  mid-sternal  and  lateral 
sternal  lines,  drawn  down  the  middle  and  either 
border  of  the  sternum ;  thd  mammary  line,  best 
defined,  since  the  situation  of  the  nipple  is  inconstant,* 
as  the  vertical  line  dropped  from  the  centre  of  the 
clavicle,  or,  what  amounts  to  the  same  thing,  the  line 
midway  between  the  middle  of  the  suprasternal  notch 
and  the  tip  of  the  acromion ;  the  parasternal  line 
midway  between  the  lateral  sternal  and  mammary 
lines;  the  anterior,  mid,  and  posterior  axillaiT 
lines  descending  from  the  anterior  border,  the  centre, 
and  tl\^  posterior  border  respectively,  of  the  axilla; 
and  the  scapular  line,  which  is  defined  as  the 
vertical  line  drawn  through  the  angle  of  the 
scapula. 

The  methods  commonly  employed  in  the  examina- 
tion of  the  heart  are  inspection,  palpation,  percussion, 
and  auscultation.  These  will  be  taken  up  consecu- 
tively, although  in  practice  inspection  and  palpation 
are  often  advantageously  combined. 

SECTION  II.— INSPECTION. 

Inspection  determines : — 
A)  Form— 

1.0fpr«cordia{^"a-^ 

2.  Of  surroundiog  parts  (especially  bulging). 

*  The  ordinary  situation  of  the  nipple  in  an  adult  male  of 
average  development  may  be  placed  m  the  fourth  intercostal 
■pace,  four  inches  from  the  mid-stemal  line. 
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^B)  MoTemenU —  i  apex  beat. 

1.  in  praecordial  region  <  p^igation  at  base  of  heart. 

( local  indrawing. 

(  Pulsations  at  root  of  neck. 

2.  Oatsidepraecordial  region  j         „         in  thorax. 

(.         „         in  epigastrium. 
(C)  Dilated  veins  and  venules. 

For  inspection  of  the  chest,  the  patient  should  be 
siiripped  to  the  waist,  and*  set  in  a  good  light,  either 
sitting  up  or  lying  on  his  back.  The  observer  should 
directly  face  him,  but  must  be  careful  not  to  obstruct 
the  light.  In  some  cases  the  observer  may  with 
advantage  take  up  a  position  at  the  top  of  the  bed, 
and  lower  his  head  until  he  looks  along  the  chest 
tangentially.  By  this  manoeuvre  he  will  be  able  to 
study  vaiious  pulsations  with  great  facility. 

The  following  points  must  then  be  systematically 
noted : — 

1.  The  shape  of  the  prsecordia  ; 

2.  Pulsations  in  the  praecordial  region ; 

3.  Bulging  or  pulsation  outside  the  pi-secordia, 
either  at  the  root  of  the  neck,  or  the  front  of  the  chest, 
cr  the  epigastrium  (scrobiculus  cordis) ; 

4.  The  presence  or  absence  of  distended  veins  on 
the  chest  wall  or  in  the  neck. 

1.  The  shape  of  the  praecordia. 

In  health  the  chest  is  bilaterally  symmetrical,  and 
there  is  no  greater  prominence  on  the  left  side  than 
on  the  corresponding  area  of  the  right.  When  the 
right  pectoral  muscles  are  exceptionally  well  developed, 
the  pro^cordia  may  bo  less  prominent  than  the  right 
side  of  the  chest. 

In  ciisos  where  the  praecordial  area  Is  pro- 
minent, it  must  be  remembered  that  other  conditions 
than  disease  of  the  heart  may  have  caused  the  projection, 
whilst  it  is  equally  to  be  observed  that  serious  disease 
of  the  heart  is  comparatively  seldom  accompanied 
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by  bulging  of  the  prsecordia  unless  it  had  already 
manifested  itself  when  the  patient  was  young  and 
the  bones  were  incompletely  ossified. 

Should  prominence  be  observed,  note  whether  the 
ribs  are  involved,  or  whether  the  intercostal  spaces 
alone  bulge.  The  latter  condition  occurs  in  pericarditis 
with  effusion.  Prominence  of  the  praecordia  may  be 
due  to  disease  in  the  framework  of  the  thorax,  such  as 
scoliosis,  parietal  tumour,  or  abscess,  or  to  a  diseased 
condition  of  the  thoracic  contents,  such  as  cancer  of 
the  lung  or  effusion  into  the  pleural  cavity,  medi- 
astinal tumour,  fluid  in  the  pericardium,  enlargement 
of  the  heart,  especially  if  it  occur  in  early  life,  and 
aneurysm  behind  or  above  the  heart. 

Flattening:  of  the  preeeordia  may  be  con- 
genital ;  it  may  mark  the  former  occurrence  of  peii- 
carditis ;  it  may  be  due  to  retraction  of  the  lung  ;  and 
in  some  instances,  particularly  in  certain  trades,  it 
may  be  the  result  of  pressure. 

2.  Pulsations  In  the  preecordlal  region. 

Besides  the  movement  of  respiration,  which  affects 
the  prsecordia  with  the  rest  of  the  chest,  an  impulse 
which  occurs  three  or  four  times  to  each  respiration 
is  generally  seen  in  the  lowest  and  leftmost  part  of 
that  region. 

This  pulsation  is  called  the  apex  beat  of  the 
heart,  and  in  health  usually  exhibits  the  following 
characters  : — 

Firstly. — It  is  found  in  the  fifth  left  intercostal 
space. 

Secondly. — It  is  limited  to  an  area  less  than  an 
jQch  in  breadth,  and  is  only  visible  in  one  interspace. 

Thirdly. — It  is  situated  outside  the  left  parasternal 
ine,  and  inside  the  left  mammary  line ;  and 

Fourthly. — It  is  due  to  the  impact  on  the  chest 
irall  of  the  apical  segment  of  the  heart,  and  for 
linical  purposes  the  actual  apex  of  the  heart  may  be 
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^aseumed  to  be  situated  at  the  lowest  and  leftmost 
I  pflrt  of  the  above  area  of  pulsation,  altboiigli  it  may 
really  be  sliglitly  lower  down  and  farther  out,  under 
cover  of  a  riU 

The  apex  beat  may  be  abnormal  in  force,  in 
p08tlion,  ov  in  cxifot.  Even  in  perfect  health,  if 
the  chest  is  well  clothed,  and  the  ttpeic  lies  behind  a 
rib,  it  may  be  quite  invisible.  Disappearance,  therefore, 
of  the  apox  beat  is  not  to  be  regarded  aa  necessarily 
indicative  of  disease,  though  it  must  not  bo  forgotten 
that  it  is  in  cases  of  weak  action  of  the  heart  that  it 
its  most  frequeut'y  absent  or  diminiahed  in  force. 
When  abolished,  its  place  may  be  taken  by  a  more 
diffuse  impulne  over  the  lower  part  of  the  precordial 
area,  in  caaes  where  the  apex  is  pushed  away  from 
the  cheet  wall  by  a  dilated  right  ventricle,  or  when 
pericardial  effusion  separates  the  heart  from  the  front 
of  the  thorax.  On  the  other  hand,  the  apex  beat 
may  appear  to  be  more  forcible  than  usual  in  cases 
where  the  heart's  action  is  excited,  where  the  chest 
wall  is  thin,  or  where  the  left  ventricle  is  hypeitro- 
^^^  phicd.  Buch  changes  are  more  accurately  obsei-ved 
^^^^  by  palpation,  and  will  be  discussed  under  that  head, 
^^^B  The  position  ofllie  apex  beat  may  be  altei*ed 
^V|n   '■         ■  -  '-  '      " 

K 

^■» 


\ie(mjfenilal,  where  the  heart  is  reversed  so  that  tl 

r^iex  lies  to  the  right  {dea.'lrocarclia),  or  where  other 

i^evel  op  mental  anomalies  are  present.     The  displace- 

t  of  the  apes  beat  may  be  due  to  (b)  exlrittsie 

e»,  whera  the  heart  is  displaced  by  diseased  con- 

f  ditioiis   of  surrounding  viscera  whieh  push   or   puU 

I  4t  from  its  UBUul  site.     Instances  of  this  ure  found 

ID  pleurisy  with  effusion,  in  abdominal  tumours,  and 

in  retraction  of  a  lung. 

Where  the  heart  is  pushed  over  to  the  right  by 
pneumothorax,    or  pleuritic  effusion,  the  pul- 
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the  aternum  is  not  that  o£  the  apex,  which  is  usually 
lying  somewhere  behind  the  bone,  but  is  due  to 
pulsation  of  the  right  ventricle  and  auricle. 

Thirdly,  the  diaplacement  may  result  from  (c) 
dUeate  of  llie  heart  or  pericardium.  The  apex  beat 
is  displaced    niosUy    oulwards    when    the    heart    is 


dilated ;  downtoarda  and  oufwardg  when  the  left 
ventricle  is  Lypeitrophied ;  and  often  upwards  when 
fluid  is  present  in  the  pericardial  sac 

Id  addition  to  these  causes,  it  should  be  remem- 
bered that  the  position  of  the  apex  beat  varies  con- 
siderably with  the  patient's  age ;  in  c/iildren  it  is 
usually  as  high  as  the  fourth  interspace*  (Fig.  20); 
in  the  aged  it  descends  as  low  as  (he  sixth. 


MnaA  the  fifth  rib. 
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In  certain  cases  tbe  tipux  Leat  is  replaced  by  bd 
wulratoiiig  of  tLe  same  area  during  cai'diac  systole. 
This,  when  it  is  marked  in  degree,  and  when  it 
appears  over  an  extensive  area  of  the  lower  segment 
of  the  priecordia,  suggests  pericardial  adhesion. 
When  only  slightly  visible  aod  limited  to  the  apex, 
it  is  of  no  great  consequence. 

The  exieut  of  the  apex  beal  is  iucreased  in 
oases  where  the  heart  is  hypertrophied.  This  con- 
dition niust  not  be  confused  with  diffuse  pulsation 
over  the  prtecordia.  Doubling  of  (Ae  apex  heat  some- 
times occurs,  and  may  be  due  to  various  catiaes,  of 
which  the  most  important  are  alternate  systole  of 
the  right  and  left  heart,  and  hemi-syatole. 

The  consideration  of  otiicr  piilsHilons  which 
may  be  visible  in  the  pnecordial  region  must  next  be 
undertaken.  Allusion  has  already  been  made  to  tbe 
difTuse  putsatioa  which  occurs  when  the  right  ventricle 
is  dilated  and  liypertrophied,  and  whicli  in  these 
circumstances  is  visible  over  the  lower  part  of  the 
area  in  several  of  tlie  intercostal  spaces,  and  nearei? 
tho  middle  line  ihan  the  normal  apex  beat. 

Pulsation  is  also  seen  at  times  ia  the  second  left 
intercostal  space.  It  may  arise  either  in  the  pul- 
monary ai-tery,  which  lies  half  under  cover  of  the 
left  side  of  the  sternum,  and  half  under  tbe  inner 
end  of  this  interspace,  or  in  the  left  auricular 
ajtpendix.  In  the  former  case,  it  follows  the  apex 
beat,  »nd  marks  the  closure  of  the  pulmonary  valves ; 
in  the  latter  case,  which  ia  not  common,  it  imme- 
diately precedes  the  apex  beat. 

lit  chests  which  have  thin  parietes,  and  especially 
when,  in  addition,  the  left  lung  is  retracted  from 
phthisis  or  other  disease,  pulsation  of  a  diOuse  nature 
cnii  be  observed  over  most  of  the  interspaces  of  the 
priecoi'dittl  region,  as  well  as  at  the  apex.  In  tliese 
caseti  tlia  a^iaz,  beat  still  causes  a  limited 
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chest  wall  between  the  left  parasternal  and  mammary 
lines  to  bulge  forward  with  each  beat  of  the  heart, 
whilst  the  diffuse  pulsation  which  is  caused  by  the 
systole  of.  the  right  ventricle  is  associated  with 
indrawing  of  some  portion  of  the  intercostal  spaces. 
This  retraction,  accompanied  by  a  normal  apex  beat, 
and  not  confined  to  the  lower  prsecordial  segment, 
must  not  be  confused  with  the  systolic  indrawing 
already  described  as  characteristic  of  pericardial 
adhesion. 

3.  Pulsations  ontside  the  preecordia. 

In  addition  to  the  pulsations  already  described, 
movements  should  be  looked  for  at  the  root  of  the 
neck,  the  front  of  the  chest,  and  the  epigastrium. 

At  tlie  root  of  the  neck,  pulsation  may 
occur  either  in  the  episternal  notch  or  external  to  the 
stemomastoid. 

In  the  episternal  notch,  the  pulsation  is 
usually  systolic  in  time,  and  when  well  marked  is 
generally  an  indication  of  dilatation  or  aneurysm  of 
the  transverse  poi-tion  of  the  arch  of  the  aorta.  Less 
commonly  it  is  due  to  a  thyroidea  ima  artery  of  con- 
siderable size,  or  to  an  abnormal  origin  of  the  right 
subclavian  from  a  point  to  the  left  of  the  middle  line. 
Palpation  generally  enables  these  conditions  to  be 
discriminated.  Pulsation  here  and  in  the  carotids  is 
not  uncommonly  seen  in  cases  of  chlorosis  and  in 
other  forms  of  anaemia. 

Outside  the  stemomastoid  various  pulsa- 
tions may  be  observed.  These  may  be  either  arterial 
or  venous.  The  carotids  pulsate  visibly  on  exertion ; 
from  menial  excitement;  in  diseases  which  cause 
excitement  of  the  circulatory  system,  such  as 
exophthalmic  goitre;  in  cases  of  hypertrophy  of  the 
left  ventricle,  especially  when  associated  with  aortic 
incompetence  ;  and  in  aneurysm  of  the  artery. 

The   jugular   veins    may  exhibit   undulation    or 
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Tliis  is  uisiially  caused  Ijy  back  presBore 
oil  the  right  Bide  of  the  heart.  It  will  be 
under  the  venous  pulse  (p.  194). 
In  llic  Ihorux,  beGides  the  pulsutious  i-eferred 
to  OS  occurring  iii  the  prfficorditil  region,  a  diaatt^ia 
puhation  may  occasionHlly  be  observed  in  the  second 
right  intercostal  spa.ce,  and  results  from  the  closure 
of  the  iiortic  valves.  An  iniportitnt  source  of  pulstition 
in  annHoal  parts  of  the  thors,*  is  aneurysm  of  Uie  aorta. 
Such  aiieuryiiinal  pulsations  111  ways  manifest  theiiiaelvea 
at  first  above  the  level  of  the  fourth  rib,  though  at  a 
later  period  they  may  alTect  a  very  considerable  portion 
of  the  chest  wall.  The  position  of  the  impulse  varies 
accoriliiig  to  the  part  of  the  aoi-ta  which  is  diseased. 
If  tliB  (Unending  aorla  is  affected,  the  pulsation  is 
chiefly  to  the  right  of  the  sternum,  vhilst  the  trans- 
verse aorta  gives  rise  to  pulsation  under  the  uiaiiubrium 
Bterui,  and  the  descending  aorta  still  more  to  the  left. 
Auouiysm  of  the  iniwminaie  may  project  far  into  the 
neck,  The  time  of  this  pulsation  is  systolic,  following 
imiuedlately  on  the  apex  beat,  and  it  may  be  observed 
til  Iw  expansile  in  character.  The  pulsation  will,  of 
coursf,  be  much  earlier  manifest  wjien  the  vessel 
lies  bi'liiod  soft  parts  than  when  it  is  covered  by 
bono. 

Prdsating  empyema  may  be  present ;  it  generally 
ipica  the  precordial  area  from  which  the  heart 
more  or  less  displaced,  and  malignant  tumours 
largo  blood  supply  may  also  give  rise  to 
Isation  in  the  part  of  the  chest  wall  that  pverlies 

Pr.  J,  F.  II.  liroodbent  Los  pointed  out  that  marked 
tolic  retraction  of  some  of  the  lower  rilis  on  the 
ternl  and  posterior  aspects  of  the  tliorax  may  occur 
a  result  of  extensive  pmcanliticndheHJon,  involving 
It  only  the  ceutnil  tendon,  but  also  the  uiuseular 
-"     '   ■'       •■     •  I  tm  the  ooH  hand    and    thB 
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interior  wall  of  the  thorax  on  the  other.  It  usually 
occurs  on  the  left  side. 

In  tlie  epig^astrium  there  may  he  several 
kinds  of  pulsation.  The  first  thing  to  be  determined 
as  whether  it  is  «<rtc^Zy  systolic,  coinciding  exactly  with 
theapex  beat,  or  whether  the  pulsation  is  slightly  delayed^ 
so  as  to  appear  just  after  the  apex  beat  has  occurred. 

In  the  former  ca^e  the  pulsation  is  caused  by  a 
dilated  and  hypertrophied  right  ventricle,  which  either 
conveys  its  impact  directly  to  the  parietes,  or  does  so 
indirectly  by  exercising  a  thrust  upon  the  liver,  or  else 
it  is  due  to  the  apex  beat  of  a  heart  displaced  to  the 
right  by  some  diseased  condition,  of  which  the  most 
important  are  left-sided  pleurisy  and  pneumothorax. 

In  the  case  of  delayed  pulsation,  the  cause  may 
be  arterial.  The  existence  of  an  aneurysm  of  the 
abdominal  aorta  would  produce  such  an  effect.  More 
commonly,  however,  the  condition  is  simply  neurotic ; 
whilst,  in  other  instances,  the  pulsation  of  a  normal 
abdominal  aorta  is  conveyed  to  the  surface  either  by 
the  liver  or  by  an  abdominal  tumour,  such  as  pyloric 
cancer,  which  lies  in  front  of  it.     {See  also  p.  56.) 

In  cases  of  regurgitation  from  the  right  heai-t, 
pulsation  also  occurs  just  after  the  apex  beat,  and  is 
due  to  a  distensile  pulsation  of  the  liver  itself  from 
the  back  flow  of  blood  into  the  hepatic  veins.  It 
should  be  observed,  however,  that  distensile  pulsation 
of  the  liver  is  by  no  means  a  common  condition,  and 
does  not  occur  in  all  cases  of  tricuspid  regurgitation. 

It  is  comparatively  rare  to  observe  a  'systolic  de- 
pression of  the  epigastrium.  If  well  marked,  it  would 
probably  indicate  adhesions  resulting  from  an  old 
pericarditis. 

In  order  to  observe  with  greater  facility  the 
characters  and  time  relations  of  these  various  pulsa- 
tions, one  can  employ  small  flags,  made  as  light  as 
possible  and  attached  to  the  various  areas  of  the  chest 
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fall.  To  determine  whether  a  pulsation  is  expansile 
of  these  flags  on  eitlier  side  of  the  tumour. 
it  be  expansile  their  free  extremities  will  recede 
each  other  aa  the  tumour  fills.  If  it  is  desired 
to  time  the  occurrence  of  two  pulsations,  after  fixing 
B  fia^on  the  point  where  each  occurs,onemay  takeujia 
position  in  which  they  are  as  nearly  in  line  as  possible. 
It  is  then  quite  easy  to  determine  which  of  them 
begins  to  move  first. 

Flags  can  readily  be  improvised  by  taking  a  piece 
of  straw  or  a  biiatle  about  three  inches  long,  firing  a 
fragment  of  gummed  paper  to  one  end  and  surround- 
ing the  other  with  a  pellet  of  modeller's  wax  or  stiff 
ointment  which  will  adhere  with  sulficient  tenacity  to 
the  skin.  Other  more  primitive  methods  may  also  bs 
used,  such  as  passing  a  pin  through  a  piece  of  adhesivG 
plaster,  with  the  head  to  the  sticky  side,  and  fiung  it 
on  the  chest,  or  affixing  little  cones  of  cotton  wool  to 
the  points  in  rjuestion  by  means  of  vaseline. 
ConspicnoDs  veins. 

e  veins  of  the  thoracic  wall  may  be  unituly 
ipicooua.     This  occurs  {a)  when  the  patient's  skaii 
unusually  transparent ;  (fi)  when  the  patient  has 
in  undergoing  considerable  exertion,  especially  when 
effort  is  of    such  a    kind    {e.g.  playing   a  wind 
iruraent)  as  to  throw  a  strain  on  the  respiratory 
'Stem ;  {a)  when  intrathoracic  tumoui-»>  impede  the 
im  of  blood  to  the  heart ;  {d)  when  the  action  of 
right  Hide  of  the  heart  is  laboured ;  (e)  when,  in 
consc(|Uence  of  portal  obstruction  or  of  blockage  of 
the  inferior  caval  system,  the  blood  returning  from 
the  abdominal  viscera  or  lower  limbs  is  forced  to  find 
ita  way  through  collateral  channels. 

In  a  numlwr  of  instances,  where  tlio  right  side  ol 

hpart  is  sliglitly  overworked,  a  liolc  of    dilated 

t|iiUarie«  npprnrs  along  the  line  of  attachment  of  the 
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SECTION  III.— PALPATION, 

Palpation  detenniues* : — 

(A)  Form  of  prascordia,  etc.  [confirms  or  modifies  results  of 
inspection.] 
(6)  Movements. 

(«)  Apex  beat  |  ^^^ 

(^)  Other  precordial  pulsations. 

(c)  Pulsations  outside  praecordia  {  e^l^Ue. 

(C)  Vibrations — 

(a)  Originating  within  the  heart  and  bloodvessels. 
(Thrills.) 

(d)  Originating  exocardially.     (Friction.) 

By  palpation  the  observer  not  only  confirms  the 
facts  determined  by  inspection  and  adds  to  their 
precision,  but  is  also  able  to  detect  movements  and 
vibrations  which  are  too  slight  to  be  noted  by  the 
eye  alone.  For  palpation  the  patient  should  be 
placed  in  an  attitude  which  he  finds  easy  to  main- 
tain, since  the  exertion  which  a  constrained  position 
demands-  is  certain  to  increase  the  observer's  diflicul- 
ties.  If  the  patient  is  lying  down,  care  must  be 
taken  to  keep  him  on  his  back.  By  turning  to  his 
left  side  he  will  produce  a  very  material  alteration  in 
the  position  of  the  apex  beat,  which  is  thereby  dis- 
placed outwards  towards  the  axilla ;  whilst  if  he  lie  on 
his  right  side  the  apex  of  the  heart  may  recede  from 
the  chest  wall,  and  an  impulse,  which  in  the  more 
favourable  dorsal  attitude  would  be  easily  felt,  may 
entii-ely  disappear. 

The  position  of  the  observer  is  almost  as  important 
as  that  of  the  patient.  For  the  examination  of  the 
praecordia  he  should  stand  or  sit  at  the  top  of  the  bed, 
on  the  right  hand  side.  He  should  then  place  his 
right  hand,  which  must  be  thoroughly  warm,  on  the 

*  The  study  of  the  pulse,  which  also  belongs  to  this  depart- 
ment, is  for  convenience  placed  by  itself  in  another  section. 
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.tient's  cliest,  bo  that  the  palm  lies  over  the 
of  the  beait,  whikt  the  fingers  are  dii'ected 
towardfl  its  ft|)eK.  To  begin  with,  the  whole  palm  of 
the  hand  should  be  in  contact  with  the  chest  wall, 
and  care  must  be  taken  not  to  dig  tho  finger  tips  into 
the  intercostnJ  spaces,  as  this  cauBea  disaomfort,  and 
may  thereby  interfere  with  the  subsequent  observa- 

When  pulfiatiun  is  detected  over  any  part  of  the 
region  under  examination,  its  exact  localisation  is  best 
rfiitorinined  by  the  palp  of  the  fingera 

The  iirst  pulaation  to  attract  attention  is  that  due 
to  the  apex  heal.  Not  unfrequently  the  fingers 
will  determine  that  this  is  really  farther  from  tlie 
middle  line  than  inspection  would  have  led  one  to 
SDppose.  In  such  a  case  that  point  is  to  be  taken  oa 
the  cardifto  apex  which  is  the  leftmost  and  lowest 
where  the  fiiiger  is  distinctly  foiled  up  with  each  beat 
of  the  heart.  The  sensation  of  a  thrust  from  below 
rntsing  the  fitiger  is  important,  because  in  not  a  few 
cases  where  the  heart  is  acting  forcibly  it  communi- 
cates some  vibration  to  portions  of  the  chest  wall  con- 
lidei-ably  beyond  those  which  actually  lie  above  it 
>■  The  observer,  having  thus  determined  the  site 
•^  the  apex  beat,  must  study  its  extent  and 
filinrnctcr.  As  has  been  previously  stated  (p.  Ill) 
it  lies  in  heftlth  well  outside  the  left  parasternal  Hob, 
but  never  luiyond  tlie  left  mammary  line,  is  as  a  rule 
confined  to  one  interspace,  and  seldom  can  be  seen 
over  an  area  of  more  than  one  inch  in  diameter. 
These  points  will  now  be  carefully  examined  by 
palpation,  and  any  deviation  from  them  noted.  In 
addition,  however,  an  estimate  must  be  made  of  the  . 
tnetyy  with  whieli  the  heart  U  aainy,  and  the  apex 
lieiit  may  be  found  to  differ  fiom  the  normal— and  tliia 
j«an  only  lie  recognised  by  continued  practice  at  the 
Iside—  ill  possessing  a  "  kf.aviiig  "  oharactcr  in  cases 
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where  the  left  ventricle  is  hypertropfhied,  a  sharp 
slapping  impact  where  there  is  irritability  of  the 
hearfc,  or,  on  the  other  hand,  a  feeble  or  almost  im- 
perceptible tap  when  the  heart  is  fatty,  or  exhausted 
towards  the  end  of  an  acute  fever. 

When  the  pulsation  of  the  apex  of  the  heart  is  so 
feeble  as  to  be  imperceptible  when  the  patient  is 
lying  down,  it  often  becomes  quite  distinct  if  he  sits 
up,  and  still  more  if  he  leans  forward.  If,  however, 
these  postures  are  uncomfortable  for  a  patient  who  is 
seriously  ill,  it  is  better  to  forego  such  advantages 
as  they  afford  than  to  fatigue  one  whose  strength 
is  already  taxed  to  the  utmost.  The  chief  causes 
of  impalpable  apex  beat  are  (a)  a  thick  chest 
wall,  (b)  a  feeble  heart,  and  (c)  emphysema  of  the 
lungs. 

When  analysed,  the  varying  characters  of  the  beat 
will  be  found,  after  due  allowance  has  been  made  for 
the  thickness  of  the  chest  wall  and  intervening  lung, 
to  depend  upon  the  force  with  which  the  i)alpating 
finger  is  driven  upwards,  and  upon  the  celerity  and 
amplitude  of  the  movement  of  the  cardiac  apex  as  it 
approaches  the  front  of  the  thorax  at  each  ventricular 
systole.  A  shock  or  ^^jog "  is  sometimes  felt  at  the 
apex  in  consequence  of  sharp  closure  of  the  pulmonary 
and  aortic  cusps. 

In  addition  to  pulsation,  vibrations  may  some- 
times be  observed  at  or  near  the  cardiac  a])ex.  Such 
vibrations  are  termed  thrills. 

The  time  of  their  occurrence  in  relation  to  the 
apex  beat  must  be  determined.  When  they  com- 
mence with  the  apex  beat  and  continue  during  the 
period  of  ventricular  contraction,  they  are  termed 
systolic;  if  they  are  felt  whilst  the  ventricles  are 
relaxed,  they  are  termed  diastolic;  if  they  occur 
near  the  close  of  diastole,  when,  though  the  ventricles 
ai'o  still   relaxed,   the   auricles   have   entered    upon 
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systole,   and  run   up    to    (Jie   apex    beat,    they   are 
termed  presystolic. . 

These  thrills  may  be  due  either  to  valvulai'  diseast^ 
to  pericardial  friction,  or  to  friction  resulting  from 
pleurisy  over  that  part  of  the  left  lung  whith  lies  in 
front  of  the  heart,  The  thrills  due  to  valvular  disease 
wilt  exlitbit  a  moi-e  definite  relation  to  the  apex  beat, 
both  in  point  of  time  and  situation  of  maximum  inten- 
sity, than  those  whose  origin  is  exocardial.  A  sys- 
tolic thrill,  best  felt  at  the  ai)ex,  may  indicate  mitral 
rogurgilation,  though  in  some  cases  the  thrill  of  aortic 
obstruction  is  very  distinctly  felt  in  this  area.  A 
tliastolic,  and  still  moi'e  a  presystolic  thrill,  when  it 
is  best  felt  at  or  just  internal  to  the  apex  beat,  is 
so  characteristic  of  mitral  obstruction  that,  if  it  is 
clearly  present,  one  may  with  a  high  degree  of 
probability  assume  that  lesion  to  exist,  even  in  the 
absence  of  all  other  signs  and  symptoms. 

Pei-icnrdlul  or  pleural  thrllU  will  be  readily 
recognised  aa  such  when  the  patient  is  auscultated 
(see  p.  171).  'ITiey  are  generally  to  and  fro  in 
chai*8ctcr,  and  are  always  audible  as  well  as  pal- 
pable.* Pulsation  and  thiill  may  be  detected  over 
the  right  siile  of  the  heart  when  its  chambers  are 
■dilated  and  hyiierti-ophird,  or  when  its  valves  ai-o 
diseased, 

Over  the  second  left  interspace  pnlsation  of  the 
pulmoiiHry  ariery,  sometimes  systolic,  sometimes 
diastolic  («ee  p.  114),  and  of  the  left  auricle,  always 
pi*8yBtolic,  must  ho  sought  for;  and  a  thrill  may 
not  rarely  be  detected  in  the  pulmonary  artery  in 
certain  diseases,  especially  in  exophthalmic  goitre 
((M  further  under  Auscultation,  p.  1G6) 

Over  tlie  aorta,  where  it  ui>proaeliea  the  front  of  the 

the  sttTnum  in  the  second  riglit  interspace 

behind  the  aeoond  right  costal  cartilage,  puliiatioDa 

oi  Uiscuei  of  tba  HenH,"  p.   llfi). 
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or  thrills  may  also  be  detected,  whilst  in  cases  of 
aneurysm  of  the  root  of  the  vessel  or  of  the  ascend- 
ing part  of  its  arch,  a  characteristic  expansile  pulsa- 
tion can  sometimes,  though  by  no  means  always,  be 
observed.  In  many  cases  a  diastolic  shock  of  con- 
siderable strength  can  be  felt  over  the  aneurysmal 
sac.  The  time  of  occurrence  of  all  these  phe- 
nomena must  be  given  with  reference  to  the  apex 
beat. 

At  the  root  of  the  neck  palpation  will  fre- 
quently enable  one  to  identify  a  pulsating  vessel,  and 
so  clear  up  a  doubtful  diagnosis.  When  pulsation 
occurs  in  the  epistemal  notch  one  should,  if  possible, 
try  to  push  the  finger  below  the  pulsating  vessel. 
By  so  doing  one  may  be  saved  the  inconvenience 
of  diagnosing*  an  aortic  aneurysm  when  the  patient 
has  merely  an  abnormal  origin  of  his  right 
subclavian. 

By  pressing  the  finger  firmly  down  from  the  epi- 
sternal  notch  behind  the  upper  part  of  the  sternum — 
due  care  being  exercised  not  to  cause  the  patient 
too  much  discomfort — a  commencing  dilatation  of 
the  transverse  arch  of  the  aorta  may  be  identified 
in  time  to  allow  of  effectual  treatment  being  carried 
out,  since  in  health  the  aorta  lies  at  so  low  a  level 
that  its.  pulsation  can  scarcely  be  detected  by  this 
manoeuvre. 

Another  method  of  discovering  an  early  dilatation 
of  the  aorta,  when  the  under- side  of  the  arch  is  the 
part  involved,  has  been  described  by  Surgeon-Major 
Oliver  and  others  under  the  name  of  tracheal 
tug:g^ng[.  The  explanation  of  this  phenomenon 
depends  upon  the  fact  that  in  passing  from  the 
trachea  to  the  lung  the  left  bronchus  lies  just  below 
the  arch  of  the  aorta,  and  consequently  each  time 
that  the  aorta  is  distended  the  aneurysmal  dilatation 
pushes  the  bronchus  downwards  before  it,  and  the 
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latter  ilrngs  in  turn  upon.  t)ie  tracbea,  causing  it  to 
ileacend  at  each  beat  of  the  heart.  By  standing 
behind  the  patient  and  [iressing  the  cricoid  liglitly 
upwai-ds  with  the  finger-tips  of  Ijoth  hands,  whilst  the 
patieot  keeps  his  mouth  closed  and  clei-atea  his  chin, 
the  downward  tug  can  in  miiuy  casea  he  detected  with 
great  facility.  The  phenomenon  can  also  be  observed 
when  the  finger-tips  are  applied  to  the  comna  of  the 
hyoid  ',  and  the  patient  ia  put  to  less  discomfort  when 
this  method  is  adopted. 

Pultialiong  and  thrills  may  be  observed  in  the 
carotids,  and  must  be  fully  investigated  by  palpation. 
Occasionally  a  thrill  mdy  be  fell  va  the  aupra- clavicular 
fossa,  where  the  subclavian  artery  crosses  the  apex  of 
the  lung.  It  may  indicate  a  constriction  of  the  vessel 
resulting  from  pleuritic  adhesion,  or  disease  of  the 
lung  itself. 

In  Ihc  epigastrium  the  fingers  should  he 
pres.sed  gently  but  firmly  upwards  under  the  left 
costal  margin  when  pulsation  of  the  right  ventricle 
ia  8ua|)ect<'d.  By  this  tiieaiis  it  may  he  readily 
difli-' rent  ia  ted  from  pulaiition  of  the  liver. 

When  the  liver  exhibits  expansile  pulsa- 
lion<  owing  t«  backward  pressure  in  tlie  veins  due  to 
tricuspid  incompetence,  the  whole  oi^an  will  bo  found 
(o  be  aflected,  and  in  most  coses  the  expansile  character 
of  the  movement  can  be  distinctly  made  out.  The 
pulsation  is  most  readily  recognised  by  placing  one 
liHiid  on  the  fifth  and  aixtli  costal  cartilages,  and  the 
other  on  I  lie  hit^ral  region  of  the  liver  in  the  inid- 
ruillriry  line.  When  the  right  ventricle,  by  pressing 
on  it  during  systole,  causes  epigastric  pulaalion,  the 
movement  con  rarely  |jo  detected,  except  in  n  part  of 
thvlivtr.  Incasesofdoubt  osto  thonatureof  cpigoatric 
pulsation,  ii  change  in  the  patient's  posture,  particuhirly 
if  he  is  made  to  assume  a  knee-elbow  position, frequently 
ele&ra  u|>  the  dllScult^ 
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SECTION    IV.— PERCUSSION. 

Percussion  determines : — 

(A)  The  boundaries  of  the  heart  and  surrounding  viscera. 

1.  Deep  dulness. 

2.  Superficial  dulness. 

(B)  The  presence  of  certain  abnormal  conditions  of  the 

cardiovascular  system,  e.g, 

ia)  Pericardial  effusion. 

\b)  Aneurysmal  dilatations. 
Theory. — When  a  sharp  tap  is  given  over  any  part  of  the 
body,  the  underlying  structures  either  resound'  to  the  blow  oi 
merely  respond  with  a  dull  thud  like  that  which  a  lump  of 
putty  would  yield  under  similar  conditions.  The  former  bodies 
are  described  as  resonant,  the  latter  as  dull,  on  percussion.  The 
resonant  structures  in  the  body  are  the  air-containing  organs 
and  the  bones.  The  latter  emit  a  sound  when  struck  which  is 
totiiUy  distinct  from  that  yielded  by  the  viscera  which  contain 
air.  It  is  known  as  the  osteal  percussion  sound,  and  is  typi- 
cally heard  when  the  skull  is  lightly  tapped.  The  cause  of 
resonance  is  that  such  bodies  as  possess  it  are  able  to  vibrate 
with  more  or  less  regularity.  In  the  caso  of  the  bones  this 
power  of  regular  Tibration  is  due  to  the  elasticity  of  the 
osseous  substance ;  in  the  case  of  a  hollow  viscus,  such  as  the 
stomach,  colon,  or  small  intestine,  it  depends  on  the  periodic 
oscillations  of  the  contained  air  columns,  and  on  the  tension  of 
the  limiting  stomach  or  bowel  jwall ;  in  the  lung  the  factors 
become  more  complex,  for  we  have  to  deal  with  very  greatly 
subdivided  air  columns,  and  the  septa  are  under  a  considerable 
degree  of  tension.  Since  the  exact  quality  of  the  resonance 
which  is  produced  is  influenced  by  the  amount,  disposition, 
pressure,  and  subdivision  of  the  Included  air,  and  also  by  the 
tension  of  the  walls  and  septa  of  the  viscus,  it  is  evident  that 
each  organ  will,  on  percussion,  give  out  a  sound  which  is 
fairly  characteristic.  With  a  comparatively  simple  air-space 
such  as  the  stomach  presents,  the  resonance  resembles  that  of 
a  drum,  and  is  therefore  described  as  tympanitic ;  in  the  lung, 
on  the  other  hand,  the  innumerable  septa  so  break  up  the  air- 
space that  the  resonance  acquires  a  peculiar  and  quite  distinctive 
character.  There  is  no  other  sound  which  bears  any  dose  resem- 
blance to  it ;  hence  it  is  simply  known  as  normal  htng  resonance, 
and  the  student  must  learn  to  recognise  it  from  frequent  practice. 
The  depth  of  tissue  which  is  thrown  into  vibration  by  the 
percussion  stroke  depends,  when  other  things  are  equal,  on  the 
force  of  the  blow.  When  the  chest  wall  over  two  regions  of 
the  lung  is  percussed  with  equal  force,  and  when  in  one  case  a 


^^    wnaid. 


Circulatory  System. 


liderablo  depth  of  lung;  tissae  underliea  tbe  point,  whilst  in 
Ihe  other  only  a  thin  layer  ai  lung  intatvenes  butwecn  the 
amiacG  nnd  a  subjacent  »>lid  organ,  a  oharacterifitic  difFereove 
is  obBerred  in  Iha  aound  produced,  joirt  aa,  whan  a  big  drum 
and  a  little  one  are  struck,  they  emit  perfectly  diatiDct  Bounds 
The  diSerence  of  sound  depends  on  Bcverul  factors,  the  import- 
tutt  points  to  aoto  being  that  the  thick  layer  of  lung  and 
the  tig  drum  emit  a  sound  which  lasts  longer  and  conveys  an 
impreaaioD  of  grsator  resonance  and  lower  pitch.  The  thin 
layer  o(  lung  and  the  little  drum,  on  the  other  hand,  yield  a 
Joiind  ol  shorter  daration,  of  less  lesonance,  and  of  higher 
pitch,  llie  exact  pitch,  however,  ia  always  someivhat  indeter- 
minate,  as  it  is  compounded  of  a  mixluro  of  suveral  indepen- 
dent, more  or  less  toce-like,  sounds  and  their  overtone*.  For 
E tactical  piiTposea  we  may  describe  the  resonance  of  a  Uiick 
lyor  of  lung  aa  "full,  and  that  cf  a  thinner  layer  as 
*'  tmplier,"  the  words  being  employed  in  a  general  but  suffi- 
ciently intelligible  sense,  to  discribe  the  complex  impiession 
whioli  the  observer  readily  reuognises,  but  which,  under  the 
conditions  of  clinical  work,  hafflea  exact  analysiB. 

When  a  very  light  blow  is  delivered  the  resonance  of  only 
ft  thin  layer  of  the  subjacent  lung  ia  elicited,  and  the  Eound 
prod  need  is  comparativuy  empty,  evtm  although  a  tbick  part 
Ol  the  lung  lies  below  the  point  of  percussion.      Hence  it 
followi  that  the  presence  of  a  solid  organ  underneath  the  lung 
[wiU  only  render  the  resonance  "  emptier"  when  it  approaches 
loffidcntly  near  the  surface  to  encroach  upon  the  layer  which 
ia  being  aot  in  vibration.    A 
firmer  sU'oko  would  throw  a 
tbicker  layer  into  vibration, 
and  in  lliis  case  a  solid  body 
advancing  from  below  would 
sooner   reach   the  vibrating 
area,    and   render   the    re- 
sonance emptier.     In  other 
words,    when     the    object 
aimed  at  is  to  detect  the  pro- 
...      n  organ  whkli  lies  undorncatb  a  thick  layer  of  lung, 
n  the  nercnwion  stroke  should  lie  firm.    If,  on  the  contrary, 
la  object  of  in[|Uiry  is  to  ascertain  the  spot  where  a  resonant 
itooi  ianniiLBtss,moreeapedBlly  if  itgrowsthin,iredgewise,aa 
li  border  b  approachud,  it  ia  evident  tluit  the  end  in  view  will  he 
it  acliievod  by  very  h*ght  percussion,  siace  by  thin  procedure 
iMretanimce,  thoogb  compamtivuly  empty,  remuinn  uf  uniform 
nalily  until  the  edge  of  the  organ  ii  reached,   wbsiL  it  ii 
Placed  by  u  abMlntoly  dull  thud. 


■anciently  near  the  surlace  to  ra 
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This  is  diagramaticaUy  represented  in  the  accompanying 
figure  (Fig.  21),  where  it  is  easily  seen  that  with  firm  per- 
cussion the  resonance  begins  to  grow  emptier  at  b  and  gradu- 
ally alters  thereafter  at  every  point  till  the  emptiness  is 
completed  at  d^  whilst  with  lighter  percussion  the  resonance 
remains  uniform  although  comparatively  empty  until  e  is 
reached,  when  it  rapidly  gives  place  to  absolute  dulness,  and 
thus  the  final  extinction  of  resonance  is  much  more  readily 
appreciated. 

One  other  preliminary  matter  must  be  referred  to.  If  the 
tight  membrane  which  is  stretched  over  a  drum  be  covered  with 
a  soft  solid,  the  sound  which  it  yields  is  muffled,  and  in  like 
manner  if  a  solid  organ  overlies  an  air.containing  one,  the  re- 
sonance of  the  latter  will  be  thereby  muffled,  and  the  more  softly 
the  percussion  stroke  is  delivered  the  more  marked  will  the 
muffling  become.  A  soft  stroke  is  pai*ticularly  necessary  when 
the  solid  organ  is  thin,  or  when  its  border  requires  to  be 
accurately  defined. 

Jflethods  of  percussion. 

When  percussion  was  first  introduced,  the  tap  was 
delivered  directly  on  the  patient's  skin  without  the 
interposition  of  any  substance  over  the  point  struck. 
This  method,  known  as  direct  percussion,  is  now 
seldom  used  except  on  the  clavicles,  which  in  exami- 
nation of  the  lungs  are  lightly  tapped  by  the  observer's 
finger-tip.  In  order  to  obtain  better  resonance,  as 
well  as  with  a  view  to  the  patient's  comfort,  various 
materials  were  subsequently  interposed  between  his 
skin  and  the  percussing  finger.  A  flat  plate  of  bone  or 
ivory,  of  such  a  size  and  shape  as  to  be  readily  applied 
and  closely  adapted  to  the  surface  of  the  chest,  is 
frequently  employed,  and  is  called  a  pleximeter.  In 
some  instances,  when  the  curvature  of  the  surface 
renders  the  application  of  such  an  instrument  difficult, 
a  short  rod  of  bone  or  vulcanite,  set  pillarwise  on  the 
region  to  be  peicassed,  is  employed.  A  very  good 
pillar  pleximeter  may  be  improvised  by  utilising  a 
short  piece  of  good  cork,  such  as  is  used  for  closing 
jpecimen  tubes.  It  conveys  the  impact  well,  and 
tself   emits   but  little  sound   when   struck.      Most 
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physicians,  however,  prefer  to  make  use  of  tlio  mitldlo 

or  fore  Gager  of  their  left  hand  as  a  plexiniDler,  and 

the  preference  is  due  not  only  to  the  fact  that  it  can 

3  readily  adapted  to  almost  any  surface,  hut  also 

lat  it  often  conveys  infonnation  adilitional  to  that 

itained     by    the    percussion     sound,    as    it    takes 

lisance  of  the  diffei-ent  degrees  of  reaiatancfc  which 

tissues  ofler  to  the  percussion  stroke. 

Sometimes  a  small  rubber- tipped  hammer,  known 

phsaor,  takes  the  place  of  the  percussing  finger, 

ia  occasionally  of  service ;  hut  as  a  rule  the  finger 

''riiould  be  preferred. 

The  ordinary  method,  then,  of  pcrciisHion  is  con- 
ducted in  the  following  manner: — The  middle  finger 
of  the  left  hand  is  placed  firmly  on  tijc  part  which  is 
to  be  percussed,  and  is  adapted  to  any  inecguulities  of 
surface,  bo  that  no  air-space  is  interjios^d  between  it 
and  the  skin.  The  back  of  ita  midiHe  phalanx  is 
struck  with  the  tip  o£  the  middle  finger  of  the 
;bt  hand.  The  stroke  should  be  deUvore<l  from  the 
"ist  and  finger  joints,  not  fiom  the  elbow,  and  the 
rcuBsing  finger  should  be  bo  bent  that  when  the 
ilow  is  delivered  its  terminal  pbalaiix  is  nt  right 
angles  to  the  metacurpai  bones,  and  strikes  the 
pleximeter  perpendicularly.  Whenever  tlie  blow  has 
been  given,  the  sinking  linger  must  be  raised,  leat  it 
should  impair  the  vibrations  it  has  excited,  just  as  ihe 
haTumers  of  a  pinno  fall  back  from  the  wires  as  soon 
as  they  have  been  struck.  In  case^  where  the  per- 
cussion requires  to  be  more  firm,  several  fingers  raaj 
bo  used ;  but  it  is  better,  whenever  possible,  to 
employ  only  one  percussing  finger.  In  some  cases  a 
modification,  known  as  flicking  percussion,  is  useful, 
and  this  is  particularly  valuable  in  the  exa  mi  nation 
of  the  ab<lum<-n,  where  tlie  method  is  more  fullf 
deicril^d  (p.  61). 

.  which 
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always  be  remembered  when  percussion  is  being 
carried  out.  The  first  is  that  in  defining  the 
boundaiies  between  contiguous  organs  the  percussion 
should  invariably  be  performed  from  the  resonant 
towards  the  less  resonant.  The  second  is  that  the 
longer  axis  of  the  pleximeter  should  be  parallel  to 
the  edge  of  the  organ  whose  delimitation  is  being 
attempted,  and  the  line  of  percussion  should  be 
at  right  angles  to  that  edge.  The  third  is  that 
the  pleximeter  finger  must  be  kept  in  firm  contact 
with  the  chest  wall. 

It  is  seldom  necessary  to  deliver  more  than  two 
or  three  strokes  at  any  one  situation ;  repeated  blows 
cause  much  discomfort  to  a  sensitive  patient.*  The 
points  to  be  noted  on  percussion  are  the  volume 
and  pitch  of  the  resonance  elicited,  and  the  sense 
of  resistance  experienced  by  the  finger. 

PERCUSSION   OF   THE   HEART. 

The  objects  which  are  aimed  at  in  percussion  of 
the  heart  are  twofold  :  firstly,  to  ascertain  the  size 
and  position  of  the  organ  as  a  whole,  and  secondly,  to 
determine  how  much  of  it  is  uncovered  by  lung  and 
lies  against  the  chest  wall. 

Since  for  the  most  part  the  heart  is  surrounded 
by  resonant  lung,  but  does  not  lie  so  deeply  as  to 
be  out  of  reach  of  a  firm  percussion  stroke,  one 
can  delimit  its  extreme  boundaries  with  a  consider- 
able degree  of  accuracy  by  observing,  as  one  percusses 
towards  the  cardiac  region,  the  points  at  which  the 
lung  resonance  begins  to  grow  emptier.  In  two  areas 
this  cannot  be  achieved.  At  the  base  of  the  heart 
the  roots  of  the  great  vessels  produce^  a  dulling  or 
emptying   of   the   lung  resonance   which  cannot   be 

*  Students  who  lack  expertness  in  percussion  are  advised 
to  gain  the  necessary  skill  on  a  table  or  some  other  inanimate 
object  of  varying  resonance  rather  than  on  hospital  patients. 
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diacrimiiiBW  from  tlint  caused  by  tlie  heart,*  wl 
the  lower  border  of  the  viscus  is  in  relation  to 
reHonant  liver,  which  yields  on  percussion,  the 
dull  thud  that  the  heart  itself  does. 
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It  is  also  important  to  (lot<inniii«  h 
■t  \%  quite  uncovered  liy  lung. 
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determlDation  of  the  extreme  limits  of  the  organ,  but 
with  a  lighter  stroke,  and  observing  when  the  slight 
resonance  of  the  lung  is  replaced  by  absolute 
dulness. 

The  region  of  the  heart  covered  by  lung  is  called 
the  area  of  deep  or  relative  cardiac  dul- 
nesfiu  Its  outline  corresponds  approximately  to  the 
anatomical  outline  of  the  organ.  The  region  of  the 
heart  which  is  uncovered  by  lung  and  lies  directly 
against  the  chest  wall  is  called  the  area  of 
superficial  or  absolute  cardiac   duiness. 

The  accompanying  diagram  (Fig:  22),  which  repre- 
sents an  antero-posterior  section  of  the  chest  in  the 
lefb  parasternal  line^  will  explain  the  sequence  of 
phenomena  which  are  obseiTed  on  percussion.  At 
a  the  resonance  is  full,  at  h  it  begins  to  grow 
emptier,  and  continues  to  do  so  till  d  is  reached, 
when  the  sound  becomes  absolutely  dull,  and  con- 
tinues so  over  the  uncovered  surfaces  of  the  heart 
and  liver  until  e  is  reached,  when  the  resonance 
of  the  stomach,  though  muffled,  may  be  distinctly 
detected,  and  at  f  the  muffled  resonance  gives  place 
to  the  full  tympanitic  stomach  note.  The  percussion 
stroke  must  be  firm  in  passing  from  a  to  5,  light 
from  c  to  d,  and  light  also  as  one  percusses  upwards 
from  ^  to  6. 

1.  Deep  duiness. — By  firm  percussion,  then,  the 
right,  the  left,  and  that  part  of  the  upper  border  of 
the  heart  which  lies  to  the  left  of  the  roots  of  the 
great  vessels  can  be  defined.  To  do  this,  percussion 
is  performed  in  two  directions :  firstly,  down  a  vertical 
line  far  enough  from  the  middle  plane  to  be  quite  to 
the  left  of  the  great  vessels,  but  not  so  far  out  as  to 
miss  the  upper  border  of  the  heart  altogether — the 
left  parasternal  line,  or  one  a  shade  internal  to  it, 
fulfils  these  requirements ;  secondly,  percuss  from 
right  to  left  along  a  line  as  far  down  the  chest  as 
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possible,  but  yet  clear  of  any  trace  of  hepatic  dul- 
ness ;  and  also  along  the  coiitinimtion  of  this  liiia 
to  the  left  of  the  hearb,  but  this  time  percuEsing 
from  left  to  right,  In  the  vertical  liue  one  should 
begin  at  the  first  interspace,  coroparing  its  re- 
sonance with  that  of  the  second,  and  this  with 
the  third,  and  so  continuing  downwards  until  the 
first  trace  of  impaired  resonaJice  is  observed.  One 
then  knows  that  the  boundary  of  the  heart  has 
been  reached.  But  the  dulness  may  also  be  present 
ftt  the  level  of  the  rib  above  the  interspace  in  which 
it  was  detected,  and  therefore  the  percussion  sound 
r  of  this  rib  must  be  compared  with  that  of  the  one 
'  next  above  it.  If  the  resonance  of  the  lower  of  the 
two  be  leae  full  than  that  of  the  upper,  one  knows 
that  the  outline  of  the  heart  lies  beliiiid  it.  Tlie 
reason  why  rib  is  compared  with  rib,  and  interspace 
with  interspace,  is  that  otherwise  the  alteraate  pre- 
sence and  absence  of  the  osteal  I'esonance,  according 
as  rib  or  interspace  is  being  percussed,  introduces 
an  clement  of  unnecessary  confusion.  Before  per- 
cussing the  right  border  of  the  heai't,  the  upper  limit 
of  deep  hepatic  dulness  between  the  right  parasternal 
and  the  right  mammary  lines  must  ho  determined,  just 
as  the  upper  border  of  the  heart  wna.  When  this  has 
been  done,  tlie  right  border  must  be  defined  by  per- 
cussing from  the  right  mammary  line  towards  the 
sternum  along  the  rib  or  interepace  above  the  level 
at  which   the   lirst  traces  of   hepatic  dulness  were 

^^^L         Although  the  lower  border  of  the  heart  cannot 
^^^B  be  pei'citssed  out,  a  sufficiently  close  approxinnatioa  • 
^^^r   to  ib  is  attained  by  drawing  a  line  from  the  upper 
^^^     limit  of  deep  hepatic  dulness,  which  has  already  been 
r  determined,  and  which  is  nsually  fonnd  at  the  level 

I  of  the  fourth  interspace  or  fifth    rib,  to   the   apeic^ 

^^^^whose  position  has  U-en  fixed  by  palpatio: 
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By  percussing  in  the  fourth  iDterB{jace  from  the 
left  lung  towards  the  heart,  one  is  able  to  define  the 
left  border  with  considerable  precision,  and  in  cases 
where  it  is  desirable  to  obtain  further  points  one  can 
percuss  in  various  other  lines  3)erpend{cuUr  to  the 
border,  from  the  lungs  towards  the  heart.  The  student 


must  not  confuse  the  slight  mnfiiing  of  the  lung 
resonance  which  occurs  when  he  arrives  over  the  pec- 
toral muscles  with  the  deep  dulness  of  the  heart.  It 
will  be  found  that  in  an  average  healthy  chest  the  per- 
cussion limits  of  the  heart  are  as  follow  (Fig.  23) ; — 

ITpper  border  (in  left  parasternal  line),  at  the 
third  rib,  or  upper  border  of  the  third  interspace. 

Bight  border  (at  level  of  fourth  rib)  is  just 
to   the   right   of  the  right  lateral  sternal  line.     li, 
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however,  the  litags  are  somewhat  yf^Iuminous,  it  may 
be  impossible  to  detect  the  impairment  of  resonance  at 
this  point,  and  behind  the  sternum  accurate  observa- 
tions  are  not  very  easy  to  make,  as  4hB  sternum  acta 
B3  a  BOtmding-hoard,  and  collects  ^ibi'ations  from  all 
the  structures  behind  it,  whether  they  lie  directly 
beneath  the  point  of  percussion  or  are  at  some  dis- 
tance from  it 

Left  border  {at  lave!  of  fourth  interspace),  a 
shade  internal  to  the  mammary  line.  If  it  is  per- 
cussed at  a  higher  lerel  it  will  be  found  to  curve 
round  so  as  to  merge  insensibly  with  the  upper 
border. 

Dr.  Graham  Steell  has  proposed  the  following 
convenient  method  of  recording  the  position  of  the 
various  boundaries  of  the  heart :  A  vertical  line  is 
drawn,  with  a  horizontal  one  lying  across  its  upper 
end  like  the  letter  T.  Above  the  lioriaontal  line  is 
recorded  in  Koman  numerals  the  number  of  the  rib 
to  which  the  upper  boi'der  of  the  heart  extends  in 
parasternal  Une.  Below  it^  and  to  the  writer's  left 
of  the  vertical  line,  the  distance  to  which  the  right 
border  of  the  heart  passes  to  the  right  of  the  mesial 
plane  is  noted  in  Arabic  numerals  which  represent 
inches,  whilst  to  the  tight  of  it  the  position  of  the 
loft  boi'der  of  the  heart  is  similarly  indicated.  The 
right  border  of  the  heart  is  determined  along  a  line 
jnat  clear  of  the  liver  dulness,  the  left  immediately 
above  the  situation  of  the  apex  beat.  Thus  the 
record  of  an  avernge  healthy  adult  heart  would  be 
III. 
l|3i. 

2,  The  supcrflclHl   dulnesB  of  ilic   heart, 

which  depends  on  the  position  of  the  borders  of  the 
lungs,  must  be  determined  by  light  percussion.  To 
'tain  the  upper  border,  one  should  percuss  down- 
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wards  between  the  left  lateral  sternal  and  left  para- 
sternal lines.  The  left  border  is  found  by  percussing 
from  the  left  mammary  towards  the  middle  line  along 
the  fourth  intercostal  space,  or  fifth  rib ;  the  right, 
by  light  percussion  at  the  same  level,  beginning  to 
the  right  of  the  sternum.  In  health  it  will  be  found 
that  the  upper  limit  is  at  the  level  of  the  fourth 
rib.  The  left  at  its  upper  end  is  rather  more  than 
half  an  inch  within  the  left  border  of  the  heart,  as 
already  determined ;  at  its  lower  end  it  is  decidedly 
nearer  that  border,  and  may  extend  outwards  almost 
to  the  apex  beat.  The  right  limit  does  not  correspond 
with  the  edge  of  the  right  lung,  which,  placed  as  it  is 
behind  the  sternum,  cannot  be  exactly  defined,  but 
lies  in  the  left  lateral  sternal  line,  where  it  extends 
from  the  fourth  to  the  sixth  costal  cartilage.  The 
left  limit  curves  gradually  round  to  be  continued  into 
the  upper,  the  latter  joins  the  right  limit  at 
an  angle.  The  space  is  therefore  of  triangular 
outline,  but  the  left  side  of  the  triangle  is  not 
straight,  but  convex  outwards.  The  lower  side 
of  the  triangle  cannot  be  defined  by  percussion, 
but  corresponds  with  the  inferior  border  of  the 
heart;  it  is  marked  out  in  the  manner  already 
described. 

Lying,  as  they  largely  do,  behind  the  sternum, 
the  dulness  due  to  the  great  vessels  can  seldom  be 
made  out  with  precision.  If,  however,  there  is 
aneurysmal  dilatation  of  the  ascending  aorta,  a  dull 
area  can  be  mapped  out.  It  is  continuous  below  with 
that  of  the  heart,  above  it  bulges  outwards  to  the 
right  of  the  sternum  at  the  level  of  the  second 
interspace  and  adjacent  ribs;  whilst  the  sound 
produced  by  pfercussion  of  the  manubrium  stemi 
is  also  rendered  much  less  resonant,  or  even,  in 
cases  where  the  aneurysm  is  large,  absolutely  duIL 
(Fig.  24). 
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ALTKRATIOKS   IN   CABDIAO   AREAS 

In  diseased  conditionB  both  the  relative  and  the 

r  absolute  cardiaR  dulaoss  may  be  altered  in  gtzc  or  in 

positloB.     Ex(7ept  in  cases  of  pericardial  offusion  the 

determination    of    the    area    of    superficiaJ    diilness 

aeidom  yields  any  information  of  great  importance 


regarding  the  heart ;  but  it  is  valuable  in  revealing 
certain  diseased  conditions  of  the  hingx  and  pleura. 

When  Ibe  relnlivv  or  deep  diilncss  is 
eplareed,  the  condition  may  be  due  either  to  diaease 
of  the  heart  and  pericardium,  or  to  morbid  conJi- 
tionvi  ill  the  surrounding  vincera.  If'  the  dulnesa  in 
the  left  jiarasternul  line  be  found  to  extend  ■ipn'ards 
into  llie  second  interspace  or  higher,  without  any 
oorrosponding   upward    displacement    of    the    lower 


|ld  be  present  were  the  heart 
T  whole,  and  in  the  absence  o 
!  condition  is  xibucWj  iiio  > 


I  per 
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perieixrdial  effitnioti.  Aneurysm  of  the  descending 
orch  of  the  aorta  has  Iwen  known  to  cause  dulneaa 
in  this  region,  but  this  effect  ia  only  produced  in  the 
rare  inatancea  where  the  aneurysm  passes  far  forwarda. 
Most  aortic  aneurysms  are  found  farther  to  the  right. 
If  the  relative  duUiess  extends  to  the  left  of  the 
apex   beat,    provided    the    lung    and    pleura    be 


ng.  n.— DUaUUon  aTid  hypertroiib^roMeR  aid*  of  heart 

Itby,  wo  have  to  do  with  pericardial  eOuiiiDna ;  and 
in  this  casQ  the  right  border  will  be  found  at  a 
coDsidenible  distaDce  to  the  right  of  the  sternum — it 
may  bo  an  far  as  the  right  paraatemal  line.  If  the 
cardiac  ilulness  extends  to  the  left  of  the  mammary 
line,  hut  does  not  reach  beyond  the  situation  of  the 
Mex  beat,  the  condition  is  probably  duo  to  dilatation 
•iod  hypertrophy  of  the  left  ventricle,  unless  the 
bodily  dislocated  to  the  left  by  wuie  &uak 


cause  as  maesiTe  pleural  efl'usioii  on  the  right  side. 
If  the  dulneas  extends,  in  the  absence  of  lung  disease, 
pleurisjr,  or  pericardial  eSiiBiou,  more  than  about  a 
finger's  breadth  to  the  ri|1it  of  the  steraum,  one 
is  justified  in  concluding  that  the  right  heart  has 
become  dilated  (Fig.  26).* 

Since  dilatation    and   hypertrophy    of    the    left 


ventricle  not  only  displace  the  left  border  outwards 
but  cause  depression  of  the  apex,  the  percussion  out- 
line of  such  a  heart  will  become  conical  (Fig.  26), 
whilst  dilatation  of  the  right,  side,  by  causing  the 
cardiac  dulness  to  extend  too  &ir  to  the  right  without 
greatly  afiecting  the  level  of  the  apex,  renders  the 
dull  area  more  square  thtui  usual  (Fig.  27). 

*  The  auricle  whose  boimdai^  a  thna  detamiiiied  is  diUteil, 
Ihe  veutddt  ii  oinally  both  dilated  and  bjpertropbied. 


w 

I  Tl 
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Tlie  dulneSH  wLicli  one  fintla  in  pei-icardlH« 
with  eOnsioD,  or  in  liydropericartlium,  varies 
with  tbe  amount  of  fluid  which  is  present,  but  in  well- 
marked  cases  is  pear-shaped,  with  the  broader  end 
downward  and  tJie  uppei"  end  higher  than  the 
ordinary  upper  limit  of  didnesa  (Fig.  28). 

The  chief  causes  outside  the  heart  and  pericai'dial 


sac  that)  produce  an  inci'ease  in  the  area  of  cardiac 
dulness  are  due  to  diseases  of  the  lungs  and  pleura. 
(lore  one  may  find  consolidation  or  tumour  of  the 
lung,  or  pleural  eSusion ;  or  a  cirrhotic  contraction 
uf  the  luiig,  or  the  binding  of  it  back  by  pleuritic 
adhesions,  may  leave  more  than  usual  of  the  front  of 
the  heart  exposed,  or  at  least  near  the  surface.  In  com- 
paratively rare  instances  the  heart  is  pushed  forwards 
ur  ftneurysm  in  the  posterior  mediastinum. 
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The  relative  dolnem  or  the  heart  mar 
be  diminished  in  cases  where  the  heart  is  unusually 
Bmall,  or  the  lungs  so  eniphjfiematouB  as  to  int«rpoae 
a  layer  of  pulmonary  tissue  that  is  thick  enough  to 
carry  the  margins  of  the  heart  beyond  the  sphere  of 
action  of  the  percussion  stroke.  As  a  corollary  to 
this,  it  shouJd  be  observed  that  if,  when  the  lungs  are 


Pig.  W.— DlipUc«m«it  of  hurt  npwudf. 


emphysematous,  the  heart's  dulnesa  reaches  fully  up 
to  the  normal  limits,  one  is  justiGed  in  assuming  thiit, 
as  a  matter  of  fact,  it  oversteps  these  limits.  Air  in 
the  pleural  cavity  will  also  diminish  the  area  of 
dulness,  whilst  in  pneumopericardium  it  is  often 
completely  abolished. 

It  is  well  to  preserve  a  note  of  the  breadth,  iu 
inches,  of  the  cardiac  dulness  at  the  level  of  the 
fourth  rib  or  interspace. 
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^^^V       The  nrcn  of  absolntc  or  superficial  dnU 

^^^n>eBa  is  of  leas  importance,  being  much  afl'ected  by 

^P^3te  state  of  the  lungs.     It  is  thus  increased  when  they 

^      »re  retracted,  decreased  or  almost  abolished  when  they 

are  diatended,  as  in  advanced  emphysema;  otherwise, 

it  is  altered  by  the  aame  conditions  and  in  somewhat 

I  the  same  manner  a^  the  area  of  relative  dulness. 
■  The  situation  of  the  area  of  cardiac  dulness  is 
natnrally  altered  by  chnugcs  in  Ihe  poslllon 
of  ihe  lioarl.  Tliese  result  from  its  diBplaiieiiiont 
by  the  pressure  or  traction  of  other  organs,  or  from 
developnieiital  anomalies.  Thua  in  ilexiocardia  the 
heart  is  placed  with  its  apex  to  Llie  right,  and  the 
I  area  of  dulness  is  tlien  the  mirror  image  of  what  \% 

I         wmiftlly  found. 


Fig.  SO.— I}lB]iU«inieiit  of  hesrt  and  lli 
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'  In  cases  of  ascites  oi-  of  inaaaive  abdominal 
tumour  the  Leai-t  is  pushed  upwards  und^r  the 
lungs.  Hence  its  area  of  dulness  is  placed  higher 
than  usual,  and,  owing  to  the  thickness  of  overlying 
luug,  may  be  unusually  difficult  to  map  out  (Fig.  29). 
Tumours  of  the  liver  displace  the  heart  upwards  and 
to  the  left.     Fulmonary  emphyscnia  thrusts  the  heart 

I 

^^^Hrnwards  (l^ig.  30),  pleural  effuaiou  drives  it  towards 
^^ne'  somid  side  of   the  chest   (Figs.  31,  32),  whilst 
cicatricial  contraction  of  the  left  lung  often  draws  it 
upwards  and  to  the  left. 

In  certain  cases  of  pericardial  efTusion  it  is  stated 
that  a  small  dull  area  can  be  found  posteriorly  near 
the  angle  of  the  left  scapula.  The  phenomenon  ia  of 
doubtful  value,  and  has  not  been  very  satiaEe^taiA's 


;.  81.— Siaplici 


:  of  hesrC  in  riglit-iridBd  pli 
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acooiinted  for.    Those  who  wish  to  studj  it  must  refer 
to  larger  works  or  to  special  papers  on  the  Bubject.* 

Whilst  the  atUfJent  is  percussing  the  heart,  he 
should  attend  not  only  to  tho  resonaDce  which  is 
elicited,  but  also  to  the  seuse  of  resistance  of  the 
underlying  tissues  which  the  pleii meter  finger 
experiences.      By  this  means  he  may  often  form  a 


Fli,  n.-Dlepli 


■Mta  iilunnl  etTiudOD. 


^^rewd  guess  of  the  nature  of  the  subjacent  structures. 
For  example,  a  wcU-lruined  finger  will  Uet«ct  decidedly 
greater  redatanco  over  a  dull  ai-ea  when  the  duhiess 
is  cttuaed  by  fluid,  as  m  pleui-iay  or  hydropericurdium, 
than  when  it  is  produced  by  a  solid  organ  like  the 

_  be^rt,  or  a  piieotnonic  lung. 
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SECTION    v.— AUSCULTATION    OF    THE 
HEART    AND    VESSELS. 

Auscultation  determines : — 

(A)  Character  of  the  heart  sounds  with  respect  to 

1.  Intensity. 

2.  Ehythm. 

3.  Quality. 

(B)  Abnormal  sounds  associated  with  the  heart  sounds 

W  Over  precordial -^^«5' --""• 
WOverves.el.{^---^-,^j^. 

1.  The  stethoscope.  —  Auscultation,  though 
sometimes  performed  by  the  direct  application  of  the 
ear  to  the  chest  wall,  is  generally  conducted  by 
means  of  a  stethoscope,  and  the  student  cannot  take 
too  great  pains  to  choose  a  good  one. 

Stethoscopes  are  of  two  types,  single  and  binaural. 
Each  of  these  has  its  special  advantages  and  dis- 
advantages. Binaural  instruments  are  particularly 
serviceable  in  the  examination  of  children  and  of 
patients  too  ill  to  be  much  disturbed.  Single  ones, 
although  they  conduct  less  loudly,  are  relatively 
rather  more  sensitive  to  high-pitched  sounds,  and 
they  also  convey  to  the  ear  of  the  observer  when  he 
listens  over  the  apex  of  the  heart  a  distinct  shock  or 
jog  at  the  moment  of  ventricular  systole,  thereby 
facilitating  the  timing  of  other  phenomena.  In  the 
choice  of  a  binaural,  one  should  avoid  instruments 
with  unnecessary  joints  and  loose  parts,  or  with 
woven  tubes.  The  chest  piece  should  not  be  very 
large,  nor  made  of  metal ;  vulcanite  is  not  so  chilly, 
and  is  quite  easily  cleaned.  It  is  obvious  that  unless 
the  ear  fittings  are  suitably  shaped,  much  discomfort 
will  be  produced. 

In  choosing  a  single  stethoscope  much  depends  on 
the  grain  of  the  wood  ;  some  woods,  such  aa  osik^  ^*^ 


w 
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be  found  to  conduct  better  tban  others.  The  aheat 
piece  abould  be  of  raoderate  size,  so  that  it  may  be  in 
complete  apposition  with  the  chest  wall  even  when  the 
patient's  ribe  are  prominent.  The  ear  piece  should 
be  selected  so  aa  to  fit  the  ear  with  comfort.  The 
instrument  should  have  no  loose  parts,  A  good  rough 
and  ready  test  of  the  efficiency  of  a  stethoscope  is  to 
listen  with  it,  to  the  ticking  of  a  watch,  and  to  select 
the  instrument  which  conducts  the  sound  best.  In 
practice  the  student  must  be  very  careful  not  to 
press  heavily  on  the  patient  when  using  a  single 
Btfithoscope. 

The  phonendoeoope  haa  not  yet  secured  any  very 
general  recognition.  This  may  be  due  in  part  to  the 
fact  that  though  it  conveys  low-pitched  sounds  with 
great  clearness,  it  does  not  conduct  high  tones  so  well 
as  the  ordinary  stethoscope  ;  and,  since  high  tones  are 
peculiarly  characteristic  of  many  morbid  conditions  in 
the  lungs,  it  is  obvious  that  its  use  for  clinical  purposes 
is  seriously  limited  by  this  defect.* 

"  The  cardiac  cycle  nnd  surface  anniomj' 
of  the  valvcH  nnd  vessels. 

In  oixler  to  understand  the  various  sounds  which 
be  heard  by  listening  to  the  heart  through  the 

ist  wall,  a  clear  conception  of  the  events  which 
Doour  during  a  cardiac  cycle  is  essential. 

After  the  completion  of  a  beat  the  auricles  and 
ventricles  are  both  relaxed,  Thereafter  the  auricles 
contract,  forcing  their  contents  through  the  cuspid 
valves  into  the  ventricles,  and  filling  them.  Tiie 
ventricles  then  contract  in  turn,  exjielling  the  blood 

*  A  sp«d&l  ttotboieope  proTided  willi  aa  adjuBtalile  silt  hM 
been  diviaed  for  tba  purpoae  al  compormg  the  intensity  of  On 
'  '       '  la  at  varying  points.      By  sdjustinff  ths 

until  tliB  Round  under  einmiDatiaD  becomes  inaudible, 
obtAiu  a  detiuits  raesmire  of  its  intenutj  al  auy  given 
The  bc»t  form  of  thU  inrtniniont  is  Book-Oartari 
llt«thopbouoniet«T,    which    ii    a    modifioatlon    of    the    pBttaiB 

— '  '    '1;  snggMted  b;  Qirtnur. 
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into  the  vessels,  whilst  the  auricles  commence  to  relax 
and  became  refilled  with  blood  ;  finally,  the  ventricleB 
relax  also,  and  so  the  cycle  is  completed.  We  have 
thus  in  rapid  succession  auricular  systole,  ventricular 
systole,  and  ventricular  diaatole ;  the  auricnlar  diastole 
commencing  during  ventricular  systole,  and  ventricular 
diastole  continuing  throngh  auricular  sjstola 


The  beginning  of  ventricular  systole  is  marked  by 
the  closure  of  the  mitral  and  tricuspid  valves,  which 
had  remained  open  during  the  systole  of  the  auricles, 
and  by  the  occurrence  of  the  apex  beat ;  the  beginning 
of  ventricular  diastole  is  marked  by  the  closure  of 
the  aortic  and  pulmonary  valves,  which  remain  closed 
until  the  beginning  of  the  following  ventricular  systole. 
The  pulse  in  the  carotid  occurs  a  short  time  after  the 
commencement  of  ventricular  systole;  in  the  radial 


i 
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artery  it  is  decidedly  later  in  its  appearance,  and 
therefore  the  radial  pulee  must  oever  be  taken  as  a^ 
'tedes  to  the  commencement  of  ventricular  systole. 
The  carotid  pulse  is  less  fiiliacious  than  the  radial, 
1  index  to  the  commencement  of  systole, 
preference  should  be  given  to  the  apex  beat  whenever 
it  is  available. 

Various  authors  have  constructed  diagrams  to 
represent  the  sequence  of  events  in  a  cai-diac  cycle, 
The  accompanying  one  (Fig.    33)  may  be  taken  as 


nn  nn  r 


representing  these  in  an  ordinary  case,  though  the 
rebttive  duration  of  the  successive  events  will  bo  found 
in  prftctice  to  vary  within  fairly  wide  limits.  The 
most  important  variation  is  that  when  the  heart  acts 
with  unusual  rapidity  the  duration  of  diastole  is 
curtailed  to  a  gi-eater  degree  than  that  of  systole,  and 
hence  a  shorter  interval  elapses  between  the  time  of 
closure  of  the  semilunav  valves  and  the  commencement 
of  ventricular  syfitole  than  one  would  infer  from  an 
examination  of  the  diagram.     For  some  purposes  it  is 

^found  more  convenient  to  unroll  the  above  diagram, 
b  that  the  set^tience  is  repi-escnted  along  a  straight 

f  line  instead  of  round  a  circle.     When  this  is  done  the 
acheme  takes  the  form  represented  in  Fig,  34  .* 

In  addition  to  a  knowledge  of  tl)e  cardiac  cycle, 

aoscoltatiou  presupposes  acquaintaince  with  thesitua^ 

■  It  muit  b«  reooUccl«d  that  in  cimical  Inneunge  the  wonli 

Qitolio  KoA  diwtolio  are  nsed  with  reference  to  the  state  ol  the 

'•mttidM,  BTcntf  irhieb  take  place  during  the  enricular  cantrac- 
*~l  being  ileuribed  ai  dijutoljc  (or  iire-ijatoliD).    On  the  otiiei 
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tion  of  the  valves  of  the  heart  and  of  the  course  of 
the  principal  arteries,  as  well  as  of  the  areas  where 
spunds  produced  at  the  valves  are  best  heard.  For 
full  particulars  the  student  must   consult  works  on 


Fig.  U.— FoslUon  of  i 


and  tDMoltaCoiy  a 


regional  anatomy.      The  following  summary  merely 
recapitulates  the  most  important  facts  : — 

The  pnlmonnry  vnlve  ties  horizontally  at  the 
level  of  the  upper  border  of  the  third  left  costal 
cartilage ;  the  right  half  of  the  valve  lies  under  cover 
of  the  sternum,  the  remainder  pshsses  outwards  behind 
the  costal  cartilage  (Fig.  35). 
Climcallj,  tl 
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The  aoi'li«  valv«  lies  fartlier  from  the  Burfao^ 
and  at  a  slightly  tower  level.  Ite  situution  iaa.j  be 
indicated  on  the  front  of  the  chest  by  &  line  drawn 
horizontally  across  the  left  half  of  the  sternum  on  the 
level  of  the  lower  border  of  the  third  costal  cartilage. 

The  niltral  vulvc  lies  slightly  obliquely  behiod 
the  inner  end  of  tlie  fourth  left  costal  cartilage  and 
adjoining  part  of  tlie  Bternum.  The  tricuspid 
vuive  is  placed  much  more  obliquely  ;  its  upper  end 
in  opposite  the  fourth  cartilage  or  interspace,  and  ite 
the  lower  border  of  the  hfth  right  costo- 

:iial  articulation.      It  marks  the  line  of  junction 

)ween  the  right  auricle  and  right  ventricle. 

The  pulmonary  artery    is    situated     at  the 

mcr  edge  of  the  second  left  intei'space,  and  behind 

le  adjacent  part  of   the  sternum.      At  the  lower 

border  of  the  second   cartijnge   it  divides  into  its 

branches  to  the  right  and  left  lungs. 

The  ductus  arteriosus  passes  upwards  from 
the  left  branch  to  join  the  aorta 

The  aorta  arises  behind  and  slightly  lower  down 
than  the  pulmonary  artery,  and,  passing  upwards  and 
to  the  right,  approaches  the  surface  of  the  chest  most 
closely  at  the  inner  end  of  the  second  right  costal 
cartilage,  arching  backwards  and  to  the  left  from  that 
'  t.  The  innominate  artery  poases  in  a  direc- 
represented  by  a  line  drawn  from  the  middle  of 

manubrium  to  the  right  storno-d a vicular  junction. 

A  stethoscope  placed  over  the  valves  of  the  heart 
'ould  fail  to  distinguish  at  frhich  of  them  a  given 
sound  takes  origin,  because  they  lie  bo  near  each 
other  that  the  sounds  from  all  of  them  would  reach 
its  chest  piece.  Besides,  in  the  case  of  the  valves 
~       "  :  deeply  the  sounds  would  have  to  pass    . 

High  the  cbnniliers  of  the  heart  which  arc  situated 
iween  them    and  tho  surface,   and   tliereby  their 

.meBs  would  be  impainxL    To  avoid  these  incou- 
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veniences,  the  sounds  produced  by  each  valve  are 
listened  for  over  that  part  of  the  chest  where  the 
cavity  in  which  the  valve  lies  most  closely  approaches 
the  surface,  and  is  most  remote  from  the  other  cavities 
of  the  heart. 

Hence  one  listens  to  the  mitral  valve  at  the 
cardiac  apex,  to  the  tricuspid  at  the  lower  end  of  the 
sternum,  to  the  aortic  over  the  aorta  at  the  second 
right  costal  cartilage,  and  to  the  pulmonary  over  the 
artery  in  the  se(k)nd  left  intercostal  space.  It  is 
practically  found  that  in  these  regions  the  sounds  of 
the  respective  valves  are  heard  with  a  maximum  of 
loudness  and  distinctness.  They  are  therefore  called 
the  mitral,  tricuspid,  aortic,  and  pulmonary 
areas,  although  they  do  not  lie  immediately  over  the 
valves  fi'om  which  they  derive  their  names.  Auscul- 
tation should  be  performed  systematically  over  these 
areas.  In  ordinary  cases  the  student  may  begin  with 
the  mitral  area,  making  certain  of  the  time  at  which 
the  sounds  that  he  hears  occur  in  the  cardiac  cycle  by 
feeling  the  apex  beat  whilst  he  listens.  He  may  then 
pass  to  the  tricuspid  area,  thereafter  to  the  aortic,  and* 
lastly  to  the  pidmonary.  When  necessary,  ausculta- 
tion may  also  be  performed  along  a  diagonal  line 
joining  the  mitral  and  aortic  areas.  This  is  often 
of  service,  as,  for  instance,  when  a  mitral  systolic 
murmur  is  associated- with  an  aortic  one. 

In  health  two  sounds  are  often  heard  over 
each  of  Ihese  areas,  the  first  corresponding  with 
the  beginning  of  ventricular  systole,  the  second  with 
the  commencement  of  ventricular  diastole.  The  first 
sound  depends,  from  the  clinical  standpoint,  chiefiy 
on  the  closure  of  the  mitral  and  tricuspid  valves,  and 
to  a  lesser  degree  on  the  muscle  tone  of  ventricular 
contraction,  on  which,  however,  its  duration  depends, 
and  on  other  subsidiary  causes.  The  second  sound  is 
due  to  the  closure  of  the  aortic  and  pulmonary  valves, 
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and  also,  but  very  subordinatoly,  to  tension  of  thfl 
vessel  walls.  This  sound  ia  sharper  and  shorter  than 
the  first,  which  continues  through  an  appreciable 
period  of  systole,  but  not  until  its  tormination.  At 
and  to  the  left  of  the  apex,  only  the  aortic  element 
of  (he  second  sound  is  audible.  The  obseryer  must 
rememher  that  it  is  always  important  to  note  the 
character  of  both  the  first  and  second  sounds  in  each 
(rf  tiie  areas.  In  disease  the  following  deviations 
n  the  normal  may  occur  : — 

1,  The  sounds  may  liave  a  different  intensity, 
both  absolutely  and  relatively  to  each  other,  from 
that  which  they  possess  in  health.  In  estimating  this, 
allowance  must  he  made  for  the  tluckncas  of  the  cheat 
wall  and  the  volume  of  the  lungs. 

2.  The  sounds  may  he  doubled,  or  their  rhythm 
altered. 

Adventitious     sounds   may  be    heard,     either 
replacing  or  occurring  along  with  the  heart  sounds, 

1.  A1.TKKAT10NS  IN  Intensity, 

(a)  The  nisi  sound  mBy  be  weaker  Iban 

usual.  Decided  shortening  or  weakness  of  the  first 
sound,  still  more  its  disappearance,  indicates  cardiac 
failure.  In  acute  febrile  disease  this  change  may 
occur  rapidly,  and  should  always  be  looked  for;  the 
left  side  of  the  heart  generally  yields  iirst. 

(i)  The  nrsi  soiinrt  ainr  be  loader  ihan 
usual.  It  is  then  said  to  be  acceulualed.  In 
titnpU  dilatation  the  sound  is  often  slightly  accentu- 
ated and  very  clear,  sharp,  and  abort,  as  a  large 
volume  of  blood  is  projected  against  the  valve  cur- 
tains, and  the  sound  easily  penetrates  the  thin  ven- 
wtlicular  wall  to  the  observer's  ear.  In  ht/psrCfophy 
BjUie  sound  is  accentuated,  but  dull,  prolonged,  and 
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forcible  closure  of  the  valve  have  to  pass  through  the 
thickened  heart  walls,  and  the  muscular  element  of 
the  sound  is  specially  prominent. 

(c)  If  the  second  sound  is  more  distinct  in 

the  mitral  or  tricuspid  areas  than  the  first,  we  have 
either  to  do  with  a  weakened  fii*st  sound  or  an  accentu- 
ated second ;  whilst  if  the  first  sound  is  louder  than 
the  second  in  the  aortic  and  pulmonary  areas,  the 
first  sound  is  accentuated. 

i^d)  The  relative  loudness  of  the  second 
sound  in  the  aortic  and  pulmonary  areas  varies  some- 
what, and  is  a  good  deal  influenced  by  the  patient's 
age.  The  pulmonary  sound  is  rather  more  accentu- 
ated than  the  aortic  in  youth;  in  old  age  the  reverse 
is  the  case"^  when  the  subject  is  in  good  health. 

Accentuation  of  the  second  sound  means 
that  the  valve  where  the  accentuated  sound  is  pro- 
duced is  closed  with  unusual  force.  The  force  of 
closure  depends  on  the  momentum  of  the  column  of 
blood  that  effects  it,  and  the  momentum  depends 
equally  on  the  mass  of  moving  blood  and  on  the 
velocity  of  its  recoil  against  the  valve.  In  the  aorta 
the  mass  of  blood  is  increased  when  the  vessel  is 
dilated  near  its  origin;  the  velocity  of  recoil  when, 
in  consequence  of  contracted  arterioles  or  other 
obstruction  to  the  outflow  of  blood,  the  arterial  blood 
pressure  is  increased.  When  the  aortic  accentuation 
is  due  to  the  former  cause,  the  sound  often  assumes 
a  peculiar  resonance  suggestive  of  the  echo  produced 
when  a  cork  is  drawn  from  an  empty  bottle.  Over 
the  pulmonary  artery  an  accentuation  of  the  second 
sound  generally  indicates  increased  blood-pressure  in 
the  pulmonary  circulation,  due  to  disease  either   of 

*  Cf.  Beneke :  "  Die  Altersdisposition,"  plate  1 ;  also,  Creighton» 
"  On  the  Relative  Intensity  of  the  Second  Sound  of  the  Heart 
at  its  Base  "  (1,000  cases),  New  York  Medical  Record^  Jan.  13th, 
1900;  andEwart,  "On  the  Normal  Auscultation  of  tVi^ "Sfe^s^;'' 
Lancet^  1893,  vol  i.,  p.  1241. 
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the  lungs  or  of  the  left  Bide  of  the  heart. 
pnemnopericardium  tile  aounde  are  Bingulftrly  clear 
and  resonant,  in  pericardial  effuei&ti  they  are  faint 
and  muffled,  in  pneumothorax:  they  are  in  many 
instances  accentuated  and  clear,  whilst  when  there 
'itieg  in  the  hing  near  one  of  the  valve  areas 
the  Gouod  arising  in  that  area  may  be  reinforced  by 
cavity  acting  as  a  resonator. 

2,  Eeduplioationb. 
Under  certain  conditions  the  first  or  the  second 
sounds  may  be  doubled.  Various  explanations  have 
been  offered  to  account  for  the  reduplication.  The 
ipiest  is  that  which  assumes  that  when  such  a 
doubling  occurs,  the  valves,  either  cuspid  or  semi- 
as  the  case  may  be,  close  sooner  on  one  side  of 
the  heart  than  on  the  other;  the  reason  being,  in  the 
cose  of  the  mitral  and  tricuspid,  asynchronism  of 
systole  of  the  respective  ventricles,  and  in  the  case  of 
tbe  aortic  and  pulmonury  valves  some  variation  of 
the  normal  relations  of  blood  pi-essure  in  the  aorta 
and  pulmonary  arteries,  since  an  increase  in  pressure 
will  accelerate  the  closure  of  the  valve  which  is 
subjected  to  it  This  view  is  probably  correct  in 
some,  but  not  in  all  cases.  Clinically,  reduplication 
of  tbe  fii'st  sound  occurs  under  very  various  con- 
ditious,  the  most  important  variety  being  known  as 
the  "bi'uil  de  ftnlop,"  where  tlie  rhythm  at  the 
apex  shows  the  accent  on  the  second  element  of  the 
triplet  "^  -^ — :  In  some  cases  the  appearance  of  this 
"bniit  de  galop"  ia  of  veiy  unfavourable  import.* 
Oocasionally  it  is  difflcult  to  discriminate  between  a 
■hort  presystolic  murmnr  and  a  reduplication  of  the 
first  sound.  This  difficulty  is  most  apt  to  occur  when 
the  heart  is  acting  feebly,  and  it  is  often  found  to 

*  Cf.   Fraeittzel,    "  VorleluiigoD   fiber   die  KiuikhsitaD  dea 
HuMUi,"  part  L,  p.  SS. 
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clear  up  after  a  few  days  of  rest  and  treatment.  An 
experienced  observer  will  seldom  be  at  a  loss,  how- 
ever, in  determining  to  which  class  such  a  case  should 
be  referred. 

Reduplication  of  the  second  sound  in 
dicates,  in  a  large  proportion  of  the  instances  in 
which  it  is  heard,  an  increase  of  pressure  in  the  pul- 
monary circulation.  It  occurs,  therefore,  in  certain 
lung  diseases  and  in  diseases  of  the  left  side  of  the 
heart,  being  very  characteristic  of  mitral  stenosis,  in 
which  disease  it  is  heard  in  a  large  proportion  of  the 
cases.  It  should,  however,  be  mentioned  that  many 
observers  do  not  consider  that  the  reduplication  in 
mitral  stenosis  is  due  to  early  closure  of  the  pul- 
monary valves.*  It  is  also  found  where  the  right 
and  left  ventricles  fail  to  contract  simultaneously, 
whether  the  failure  be  due  to  an  increase  of  work 
thrown  upon  one  of  them,  or  to  the  presence  of 
structural  changes  in  the  heart  muscle,  or  to  derange- 
ment of  the  nervous  mechanism  which  regulates  their 
action.  It  also  occurs  physiologically  at  the  end  of 
a  full  inspiration  and  the  beginning  of  the  following 
expiration,  being  in  this  respect  the  converse  of  the 
first  sound,  which  is  more  often  reduplicated  at  the 
end  of  expiration  and  the  commencement  of  inspira- 
tion. When  reduplication  of  the  second  sound  is 
observed,  it  is  most  important  to  determine  its 
presence  or  absence,  and  its  character  in  each  of  the 
four  valve  areas. 

Alterations  in  Rhythm. 

Alterations  in  the  rhythm  of  the  sounds  deserve 
attention.!     The  usual  rhythm  is  that  of  triple  time 

♦  Vide  infra,  p.  161. 

t  For  fuller  information,  consult  Broadbenfs  *' The  Pulse." 
p.  63. 
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I  in  music,  with  the  accent  on  the    first   beat  in  the 

I  mitral  and  tricuspid  areas,  and  on  the  second  in  the 

L  aortic  and  pulmonary,  whilst  the  third  beat  ia  sHent. 

^^_  This  is  slightly  modified  by  the  fact  that  a  quickly- 
^^^L  Kcting  heart  guina  time  chiefly  in  the  period  of  ven- 
^^^B  tiricular  diastole,  hut  the  relation  of  the  sounds  ia  less 
^^^F  modified  by  this  than  the  phases  of  the  cycle  ai-a 
^^^  When,  however,  the  vitality  of  the  heart  has  been 
seriously  impaired  by  long-continued  high  blood 
lenBioQ,  such  as  ia  seen  in  chronic  nephritis,  and 
especially  if  fever  or  some  such  cause  assists  in 
weakening  tlie  myocardium,  the  sounds  become 
amost  equidistant,  the  period  of  ventricular  systolo 
being  unduly  lengthened. 

This  deliberate  pendulum-like  sequence  of  the 
Eounda  should  always  be  regai'ded  with  considerable 
anxiety,  aa  it  points — unless,  indeed,  the  patient  is 
being  overdosed  with  digitalis — to  serious  involve- 
ment of  the  cardiac  musule. 

Exactly  the  opposite  effect  is  produced  on  the 
rhythm  when  systole  b  rapidly  accomplished,  or  when, 

I from   great  weakness,  the  ventricle  fails  to  efi'eot  a 

^^^L    complete  emptying  of  itself,  and  the  systole  becomes 
^^Hj^rtiva 

e) 

w 

~  1. 


.  Abvestitioub  SouNoa. 


Adventitious    sounds    may    be    of    three    kinds : 
endocardial,  vaaculur,  or  exocardial,    Abnormal  endo- 
cardial sounds  are  called  uiurinurs,  or  bruits.    They 
t  to  disease  either  of,  or  close  to,  the  valve 
J  where  they  occur,  when    they  are  often    known  aa 
B'Arganic  ;  or  to  some  alteration  in  the  state  of  the 
Hood,    which,  by  atrei^ting   ita  viatosity  on  the  one 
hand  and  the  nutrition  of  tlie  tit^tiuea  of  the  heart 
and  vessels    on    the  other,  produces  the    conditions 
accessary  for  the  devek'])uieut  of  a  niurinur. 
Tbapbyalcal  expliiunlian  of  U 
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,  no  means  simple.    The  following  are  some  of  the  factors  con« 
corned  in  their  production : — 

1.  The  viscosity  of  the  blood ; 

2.  The  Telocity  of  the  blood-stream ; 

3.  The  passage  of  the  sti*eam  from  a  narrower  into  a  wider 
channel. 

The  third  condition  is  equally  well  produced  when  a  nar- 
rowed orifice  leads  to  a  normal  cavity  beyond  it,  or  when  a 
normal  orifice  opens  into  a  dilated  cavity. 

Endocardial  murmurs  always  have  a  definite 
relation  to  the  events  occurring  in  the  course  of  the 
cardiac  oyde^  their  time  and  import  varying  with  their 
point  of  origin. 

In  the  so-called  "  organic  "  cases,  where  the  valves 
or  their  surroundings  are  implicated,  a  murmur  may 
either  result  from  obstruction  to  the  onward  flow  of 
the  blood,  or  from  leakage  backwards  through  a 
closed  but  incompetent  valve.  The  former  are  known 
as  obstructive  murmurs,  the  latter  as  regui*gitant. 
In  examining  a  murmur  the  following  points  must  be 
noted : — 

(a)  Its  time  of  occurrence ; 

(6)  Its  point  of  maximum  intensity ; 

(c)  Its  direction  of  selective  propagation  beyond 
the  prsecordial  area ; 

{d)  Its  character. 

The  time  of  its  occurrence  is  noted  with 
reference  to  the  sounds  of  the  heart,  and  these  by 
comparison  with  the  time  of  occurrence  of  the  apex 
beat. 

The  maximum  fondness  of  a  murmur 
which  has  been  produced  at  a  given  valve  usually 
occurs  at  the  point  where  the  valve  sound  would  be 
best  heard  in  health.  To  this  rule,  however,  there 
are  some  exceptions. 

Experience  shows  that  valvular  murmurs  are  not 
equally  well  heard  at  all  points  of  the  chest  wall  which 
are  equidistant  from  the  point  of  their  ^reatfe%^  VxAi^XL- 
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P  Bity,  but  that  encli  ia  much  more  diatinctly  audible  at, 

I  a  distance  in  some  diroetions  thnn  in  Others;  this  fact 

L  ia   expressed   by   saying    that  such    murmurs  have 

^^^     directions  or  selective  propngntion.* 
^^L         The  ciiaracter  of  the  murmur  also  helps  to  de- 
^^^^  wA&  a  doubtful  casa     ObEtructive  murmnra  are  apt 
^^^P  to  be  rough ;  regurgitant  to  be  soft  and  blowing, 
^^^  The  pitch  and  general  quality  of  murmurs  vary 

greatly ;  some  have  quite  a  distinct  musical  character, 
others  are  harsh  and  sawing.  The  loudness  of  a 
mnrmtir  has  no  relation  to  the  amount  of  damage 
■which  causes  it.  A  very  loud  murmur  is  often  far 
less  serious  than  one  so  soft  as  to  be  nearly 
inaudible, 

E         Murmurs  due  to  disease  of  extra-uterine  origin  are 
very  much  oftener  found  to  proceed  from  the  valves 
■  of  the  left  side  of  the  heart  than  from  those  of  the 
right,  and  in  adult  life  murmurs  at  tiie  tricuspid  and 
pulmonary  areas,  due  to  morbid  processes  arising  in 
these  valves,  are  rara     The  following  is  a  short  epitome 
of  the  chief  murmurs  which  may  be  lieard  at  the 
various  valves  :  the  diagrams  illustrate  the  position  of 
the  more  common  ones  in  the  cardiac  cycle. 
(1.)  Mitral  Mobmuhs. 
Mitral    murmurs  may   be   either  obatructive    or 
regurgitant  {Fig.  36). 
(u)  4»hslrucllve  murmurs  occur  during  ventri- 
cular diastole,  and  are  invariably  of  organic  origin, 
They  sometimes  follow  immediately  on   the   second 

*  The  complete  rapUmBtiaa  of  the  selectivo  propagitUoii  ot 
mviy  murmurB  U  Btill  anknown.  In  moat  caaes,  jiowever,  the 
(oUowing  footoiB  greatly  inllaeiico  the  diceolian  in  which  the 
murmui  ia  conducted ;— (I)  The  vaijing  lonductiTity  o£  llie 
different  etmctursi  in  the  cheat  wall,  and  between  vt»  oheit 
wall  and  the  heart :  (2)  the  direction  of  llie  vibrating  blood- 
~  un:  (3)  the  poutiou  ot  the  chamber  ot  the  heart  or  of  tlie 
d  in  which  '*■ '—  "— 
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sound,  when  they  are  known  simply  as  "  diastolic,** 
At  other  times  the  murmur  is  separated  from  the 
second  sound  by  a  brief  interval,  but  terminates  before 
the  occurrence  of  the  first  sound ;  it  is  then  called  ^^mid- 
diastolic'*; in  yet  other  instances  the  murmur  only 
begins  with  the  advent  of  auricular  contraction,  when 
it  is  designated  an  "  auriculo-systolicy"  or,  more  often, 
a  ^* presystolic"  murmur.     In  each  case  the  murmur 
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Fig.  86.— Mitral  mormars.     {Jfter  Wyllie.) 

is  due  to  the  onward  rush  of  the  blood  through  the 
deformed  or  narrowed  mitral  valve  into  the  wider 
cavity  of  the  left  ventricle.  During  the  earlier  part 
of  diastole  this  is  effected  by  the  aspiration  of  the 
relaxing  ventricle,  which  is  ordinarily  strongest  near 
the  beginning  of  diastole  — at  the  end  of  the  period  the 
contracting  auricle  is  the  main  agent  in  producing  the 
flow.  Sometimes  an  early  diastolic  murmur  is 
followed  by  a  moment  of  silence,  which  is  then 
succeeded  by  a  presystolic  murmur.*  Best  heard  at 
the  apex,  or  sometimes  rather  nearer  the  sternum, 
they  have  no  direction  of  selective  propagation  ;  they 

*  The  term  *'  post- diastolic  "  as  applied  to  certain  of  these  mur- 
murs is  very  misleading.  They  are  all  diastolic  in  time,  though, 
as  has  been  stated,  some  are  separated  from  the  second  sound  by 
a  pause. 
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r  are  Larsli  and  rough  in  diameter,  more  particularly 
wLen  of  the  presystolic  variety,  and  very  ofteu  are 
L  aasociateJ  with  a  distinct  thrill,  In  the  majority  of 
I  cases  the  second  sound  is  reduplicated,  so  that  the 
I  mutmur  and  accompanying  sounds  may  be  pJionetically 
,  represented  by  "rrfip  ti-ti"j    or,  where  the  heart's 


Fig.  37.— PrenyBtoUt 


I  Action  is  rapid  and  the  murmur  occupies  a  consider- 
rkble  portion  of  the  diastolic  period,  by  "  titi  rrlip." 
r  Occasionally  the  presystolic  murmur  is  accoDipanied 
rby  a  mitral  obatruotive  murmur  occurring  at  the 
l.mginntng  of  din  stole,  when  the  phonetic  re^re- 
l-ienlstion  would  become  "rrfip  ti  till'  rriip  ti  tiff," 
■W,  if  the  murmur  occur  a  shade  later  iu  diastole,  by 
"trfip  titi  iff,  rriip  titi  iff." 

The  exact  ai^ificaiice  of  the  reduplicKttoa  of  the 
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second  sound  in  mitral  obstruction  is  a  matter  of 
dubiety.  At  present  many  observers  deny  that  the 
second  element  of  the  reduplication  is  produced  at 
the  semilunar  valves,  and  the  fact  that  it  is  better 
heard  at  the  apex  than  at  the  base  supports  their 
contention.     It  is  not  improbable  that  one  element  of 


Fig.  88.— Mitral  systolio  moriDiir— propagation  in  fhint. 

the  double  sound  under  discussion  may  originate  in 
the  mitral  valve,  whose  segments,  partially  adherent 
along  their  adjacent  margins,  are  no  longer  free  to  fall 
backwards  before  the  blood- stream  as  it  agam  passes 
from  the  auricle  to  the  ventricle  at  the  commencement 
of  diastole,  but  are  suddenly  arrested  in  their  progress, 
and,  bulging  into  the  ventricular  cavity,  become  tense, 
and  emit  a  sharp  sound  like  that  produced  by  a  sail 
suddenly  bellied  by  a  gust  of  wind  (Fig,  31 V 
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(&)  Re^^iirg^tant  mnrmnrs  occur  during  ven- 
tricular systole,  and  may  be  either  organic  or  simply 
due  to  dilatation.  They  begin  with  the  apex  beat  and 
replace  more  or  less  completely  the  first  sound  in  the 
mitral  area.  Their  point  of  maximum  intensity  is  at 
the  apex,  their  dii-ection  of  selective  propagation  is 


Fig.  89. — Mitral  systolic  murmiir— i>iopagation  behind. 

outward  towards  the  axilla  and  angle  of  the  left 
scapula,  and  they  are  generally  soft  and  blowing  in 
character.  Slight  mitral  systolic  murmurs,  especially 
those  due  to  dilatation  of  the  ventricle  and  mitral 
orifice,  and  not  to  disease  of  the  valve  curtains, 
frequently  lack  any  selective  propagation  backwards. 
It  is  possible  that  some  basal  hsBmic  murmurs  may  be 
due  to  mitral  regurgitation  when  the  left  ventricle  is 
dilated  («6«  p.  168)  (Figs.  38,  39). 
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(2).  Aortic  Murmurs. 
(Fig.  40.) 
(o)  Obstructive  murmurs  occur  during  ven- 
tricular systole ;  they  are  due  either  to  obstruction  of 
the  ostium  aortie  from  valve  disease  or  to  aortic  dila- 
tation beyond  a  normally-sized  ostium.  Tliey  are 
rough  in  character ;  have  their  area  of  greatest  loud- 
ness at  the  second  right  costal  cartilage  near  the 
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Diastolic                      Systolic  and  (liutoU« 

Fig.  40.— Aortic  Murmurs.    (4/Z«r  Wyllie.) 

sternum  ;  are  propagated  with  the  blood-stream  into 
the  arteries ;  and  may,  in  most  instances,  be  readily 
heard  over  the  carotids — sometimes  at  a  much  greater 
distance  (Fig.  41). 

(6)  Regurgitant  murmurs  occur  during  ven- 
tricular diastole ;  they  begin  with  the  closure  of  the 
semilunar  valves,  and  replace  in  part  or  completely 
the  normal  second  sound  in  the  affected  region.  They 
may  be  best  heard  in  the  aortic  area;  not  unfre- 
quently,  however,  they  are  as  distinctly  audible  over 
the  left  half  of  the  sternum,  at  the  level  of  the  third 
rib  and  interspace.  Their  direction  of  selective  pro- 
pagation is  towards  the  lower  end  of  the  sternum, 
though  occasionally  they  are  almost  equally  well  heard 
near  the  apex ;  their  character  is  less  harsh  than  that 
of  systolic  aortic  murmurs.  Their  intensity  is  greatest 
at  first,  and  gradually  diminishes  during  the  diastolic 
period.  Marked  regurgitation  leads  to  auscultatoiy 
phenomena  in  the  arteries  (see  p.  170)  (Fig.  42). 

In  many  instances  one  finds  that  a  double 
murmur  is  present  at  the  aortic  orifice,  the  systolic 
element  of  which  is  not  caused  by  real  stenosis  of  the 
ostium,  but  by  roughening  and  deformation  of  the 
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valve  aegmeuts,  the  diastolic  murmur  being  due  to  the 
backward  leakage  through  the  misshapen  cuspa.  This 
double  murmur  of1:«n  possesses  a  very  distinctive 
"  sawing  "  character. 

Austin  Flint  has  directed  attention  to  the 
presence  of  a  presystolic  murmur  at  or  near  the  apex 
of  the  heart  in  certain  cases  of  aortic  disease  where 


at  the  posC-morlem  examination,  no  change  was 
found  to  be  present  in  the  mitral  valve.  Most  pro- 
bably this  murmur  indicates  a  dilatation  of  the  left 
ventricle  so  considerable  as  to  render  the  mitral 
orifice  relatively  too  narrow  for  the  cavity  beyond. 

(3).  Tricuspid  Mdrucrs. 
These  are  comparatively  rare. 
(a)  Obsirncllve  miirinur*  resemble  those  of 
the  mitral  valve,  but  have  their  maximum  intensi^ 
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at  the  lower  end  of  the  stemuiu.     They   have  no 
selective  propagation. 

(6)  ReBursftant  murniars  have  a  similar 
character  to  mitral  regurgitant  nnirmurs,  are  best 
heard  in  the  tricuspid  area,  and  are  associated  with 
the  venous  pulse,  q.v,  (p.  194).      They  are  usually  a 


sequel  to  disease  of  the  left  side  of  the  heart,  after 
compenaation  has  failed. 

(4).  Pulmonary  MuRMuna. 
(Fig.  43.) 
These  are  best  heard  in  the  pulmonary  arPa,  have 
no  direction  of  selective  propagation,  though  oc- 
casionally they  are  well  hoard  as  high  aM  the  lirst 
rih,  are  usually  ayatolic,  and  aro  rarely  due  in  exttar 
uterine  life  to  disease  of  the  valve,  Viut  am  i\\o»^  o^Xtea 
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Lused  by  dilatation  of  the  artery  beyond  the 
ring.      They  are  very  well  heard  in  many   cas 
exophtlialmicgoitra*    A  diastolic  pulraon 
is  excessively  rare. 

(.5),  Multiple  Mchmcrh. 
,  large  number  of  cases  more  thaa  on« 


mnrmiir  is  present  during  the  cardiac  cyclu.  Who 
they  occur  at  diflurent  epochs,  it  is  easy  tiD  Gtudy  eufj 
Beparotely;  when  two  or  more  occur  together,  ei 
will  1m  found  to  poBsesB  its  own  position  of  niaxiuii 
loudness,  its  characteristic  direction  of  selective  p 
pagation,  and  itn  peculiar  quality  of  sound  (Fig.  A 
Euchiedon,  moreover,  will  produce  more  or  less  definil 
ii  otUu  u  aortic  amitotic  miinniir 
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effects  on  the  general  circulation,  and  by  observing 
these  by  the  other  methods  at  our  disposal  adingnoBia 
can  nsually  be  airived  at.  It  mnst  be  recollect^'d  that 
daring  the  last  few  days  of  lifo,  whea  the  diseased 
heart  is  acting  feebly,  Berious  lesions  are  often 
UDacoompanied    by  any  murmur,    the  force  of  the 


blood-stream  being  too  weak  to  produce  any  vibra- 
tion. Some  mwrmurs  vary  very  much  with  the 
attitude  of  the  patient;  it  is  tbereforB  important  to 
examine    the    heart  both  in  the  erect  and  supine 

(6).  Congenital  Murmurs. 
A   pHtent  foramen  ovale    may   give  rise  to 
a  murmur  at    the  base  of  the  heart,  dependent  on 
difference  of  pi-essute  in  the  right  and  lelt  a.M-rui»  -,  ^ 
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mntiDiir  usually  ratlier  harsh  in  chai-acter,  sjrstoUc  in 
time,  and  witL  ita  maximum  intejiaity  at  the  level  of 
tliu  second  left  costal  cartilage  and  first  interspace,  a 
short  dbtaiice  outwards  from  the  Btemum,  is  Borae- 
timea  caused  by  the  dactus  arleriosns  remaining 
unclosed.  The  diagnosis  of  congenital  cardiac  murmurs 
is  often  fraught  with  considerable  diliiculty.  The 
following  points  maybe  noted  i-egarding  them.  They 
are  mostly  systolic,  the  situation  of  maximum  intensity 
and  the  direction  of  propagation  do  not  correspond 
with  those  of  ordinary  muiinurs,  whilst  the  fact  that 
they  are  often  associated  with  humming  bruits  at  the 
base  of  tlie  heart,  and  with  an  abnormal  cardiac 
contour,  may  assist  in  their  recognition.* 

H^Mic  AND  Vahculab  Mcbmuhs. 

In  anffimla  several  murmurs  are  frequently 
heard  over  the  heart  and  vessels.  One,  which  is  of 
specially  common  occurrence,  is  audible  in  the  second 
left  intercostel  space  over  or  just  estemal  to  the  pul- 
monary area.  Various  theories  have  been  advanced 
to  account  for  it.     The  chief  of  these  are — 

1.  Naiiuyn's  theory,  where  it  a  held  that  the 
Bound  ie  due  to  regurgitation  through  the  njitral  vulva  into 
the  left  aurii^le,  am)  that  it  realties  the  ear  bj  way  ol  tha 
auriuiilur  appendix,  which  for  varioug  reaiona — including  the 
foot  that  the  anterior  border  of  the  left  lung  IB  often  rather 
retrantad  in  Bnn:iaia — approaches  the  cbngt  vnW  more  closely 
IhoQ  under  other  conditions.  Nannyn  and  otliere  have  pointed 
out  that  tba  murmur  attains  its  maximum  intensity  not  over 
the  pDimooary  artery,  as  is  found  in  nndoubted  eaaca  of  pul' 
monary  ByitoUc  munnurt,  but  farther  to  the  left;  and  tha 
writer  e  obBervationB  confirm  this  xtaMment  in  a  prepondemting 
majority  of  cases. 

3.  Knssell'S  theorj.— This  theory  aagumea  that  the 
left  auricle  ii  dilated  and  Blled  with  blood  at  unuaually  high 

*  The  student  will  II lid  ail  admirable  ejiitomt^  of  what  ia  known 
iMordingmuaeiiilnl  defet^bi  in  the  heart  in  au  artide  hjDi,  Jatw 
TSimuou  in  the  "  Bnqj'alopndia  Mediea  "  (>.  v.  Heart}.  ^^ 
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pressure,  and  that  it  therefore  presses  sufficiently  firmly  against 
the  pulmonary  artery  to  produce  a  constriction.  The  hypo- 
thesis is  unsupported  hy  any  cogent  facts,  and  is  inconsistent 
with  a  sound  view  of  the  mechanics  of  the  circulation. 

3.  Many  writers  regard  the  murmur  as  due  to  slig^ht 
dilatation  of  the  pulmonary  artery  heyond  the 
Talye  ring,  and  to  a  less  viscous  condition  of  the  blood,  which 
would  accentuate  the  vibrations  set  up  by  such  a  dilatation. 

4.  Sansom*  holds  thnt  the  vibrations  which  cause  the 
murmur  arise  in  the  conus  arteriosus,  and  perhaps  also  in  the 
semilunar  valves  themselves,  and  are  due  to  a  fibrillary  tremor 
of  the  over-strained  muscular  fibres  which  are  found  in  these 
regions. 

The  first  and  third  of  the  above  theories  have  at  present 
the  greatest  number  of  supporters. 

Hsemic  murmurs  are  also  heard  at  times  in  the 
mitral,  and  much  less  frequently  in  the  tricuspid 
and  aortic  areas,  the  last  being  particularly  un- 
common. In  all  cases  such  murmurs  are  systolic  in 
time, 

A  continuous  humming  sound  is  often  audible 
over  the  veins  at  the  root  of  the  neck  in  chlorosis. 
It  is  known  as  the  bruit  de  diablc,  and  is  caused, 
in  part  at  least,  by  an  alteration  in  the  calibre  of  the 
internal  jugular  vein  as  it  passes  through  the  cervical 
fascia. 

In  order  to  hear  the  bruit  de  (liable  clearly,  the 
stethoscope  must  be  held  very  lightly,  so  as  to  exert 
no  pressure,  over  the  clavicular  head  of  the  stemo- 
mastoid  muscle.  Not  seldom  one  may  also  hear  the 
sound  perfectly  distinctly  when  the  stethoscope  is 
placed  on  the  sterno-clavicular  articulation,  by  which 
manoeuvre  all  possibility  of  creating  a  factitious  bruit 
by  pressure  is  avoided. 

Hsemic  murmurs  may  arise  in  the  larger 
arteries,  and  are  present  independently  of  the 
pressure  of  the  stethoscope,  and  it  seems  probable 
that  an  important,  if  not  the  chief,  factor  in  their 

*  *'  Diagnosis  of  Diseases  of  the  Heart,''  p.  285. 
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producrion     ia     a     disturbance     of     the    vasomotor 
raoiihaiiiani  of  the  vessels.* 

There  are,  moreover,  other  Bouuda  whicli  may 
bewme  ftiitUltlo  in  the  iirteries,  and  which  arc  the 
result  of  changes  in  the  pressure  of  the  blood -stream. 
The  moat  notable  instance  of  this  is  found  where 
relaxed  arteries  are  so  rapidly  distended  by  a  large 
blood-wave  that  their  walls  are  thrown  into  viljcation 
by  the  sudden  strain,  and  a  sound  is  produced  which 
corresponds  with  the  advent  of  the  pulse-wave.  In 
Kjiaea  of  aortic  regurgitation,  where  these  conditions 
are  most  fully  developed,  we  have  also  a  second  sound 
which  occura  at  the  instant  when  the  pressure  once 
more  falls  off  This  double  sound,  when  heard  in  the 
femoral,  is  very  cbaracteriatic  of  aortic  regurgitation. 
Pressure  produced  by  an  ill-applied  stethoscope  often 
converts  these  sounds  into  murmurs. 

A  murmur  in  the  subclavian  artery  as  it  crosses  the 
apex  of  the  lung  may  bo  caused  by  pulmonary 
disease. 

When  there  is  an  anearrsinal  dilalntiou  of 
the  aorta,  murmurs  may  or  may  not  be  present,  or 
the  aortic  second  soimd  may  be  accentuated  over  the 
sac  i  but  no  delinite  rule  holds  for  such  cases.  When 
an  aneurysm  opens  into  another  large  vessel — such, 
for  example,  as  the  superior  vena  cava — tiie  murmurs 
produced  may  be  vei'y  loud,  and  ai-e  beard  in  unusual 
situations. 

ExooABDiAL  Sounds. 

Exocardial  sounds  may  be  due  either  to  peri- 
L'iiardia]  friction  or  to  a  localised  pleurisy  near  tho 
iJleart. 

o  our  IcDowled^  oC  Ibe  jihyeiml 
t  uroduoUnu  ai  liaiuuc  liruiti  u  to  bs 
"      '      ■  '■       ,nil  Pathnlnm  "  (Eiiuliih 
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When  pericardial  IHction  occurs  over  an  area 
uncovered  by  lung,  it  has  a  singularly  superficial 
character,  and  thus  can  often  enough  be  readily 
recognised. 

Unlike  the  murmurs  already  described,  pericardial 
friction  does  not  correspond  definitely  with  the  events 
of  the  cardiac  cycle.  It  is  generally  more  distinct  in 
systole  than  in  diastole,  but  tends  to  exhibit  a  to-and- 
fro  character,  the  first  element  occurring  during  systole 
and  the  second  during  diastole,  but  not  necessarily 


A.  B. 

Fig.  46.— Pericardial  Friction.    {After  WyUU,) 

A.  Ordinary  type,  one  rub  in  systole  and  one  in  diastole. 

B.  Tyx>e  with  triple  rhythm,  one  mb  in  systole  and  two  in  diastole. 

commencing  at  the  beginning  of  either  phase.  Some- 
times the  sound  occupies  the  latter  part  of  systole  and 
the  early  part  of  diastole  without Bxhibiting  any  pause 
between  its  first  and  second  elements ;  sometimes  it 
remains  audible  during  the  whole  of  the  cardiac  cycle. 
Further,  its  position  of  greatest  intensity  does  not 
correspond  with  any  of  the  areas  in  which  valvular 
murmurs  are  best  heard,  and  it  is  not  propagated  to  a 
distance,  but  remains  confined  within  narrow  limits. 
Its  position  may  be  observed  to  vary  from  day  to  day. 
As  a  rule,  it  appears  first  near  the  base  of  the  heart 
on  the  left  side,  but  when  the  condition  has  become 
general  it  is  best  heard  near  the  left  nipple,  and  is 
sometimes  associated  with  a  distant  thrill.  The  in- 
tensity is  often  considerably  modified  by  the  attitude 
of  the  patient.  When  the  inflammatory  process 
involves  the  auricle  as  well  as  the  ventricle,  the 
to-aiid-fro  rub  may  be  replaced  by  a  triple  friction 
sound. 

In  pericarditis  the  heart's  action.  \a  «^\.  \»\ifee.wxv^ 
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tumultuous.  IFAeji  Jlnid  is  poured  out,  iks  cardiac 
sounds  become  faint  and  distant. 

When  air  and  fluid  are  both  present  in  the  peri- 
cardiul  aac — an  event  of  very  rare  occurrence — a 
churning  or  "  water- wheel  "  sound  can  be  hoard  on 
auscultation. 

To  diatiuguiah  between  the  rub  of  pericarditis  and 
that  of  (ileurbj  over  a  neighbouring  portion  of  lung, 
tile  patient  should  he  instructed  to  hold  hia  breath. 
Pericai-dial  friction  is  unchanged  by  this,  but,  if  it  be 
of  pleural  origin,  it  will  either  be  much  reduced  in 
intenEity  or  will  wholly  cease.  On  the  other  hand, 
deep  reapiration  will  increase  the  pleural  sound,  but 
will  not  inlluonce  the  pericardial. 

The  possible  co-exii^tence  of  both  pleuritic  and 
pBricardin.1  friction  most  not  be  overlooked. 

SECTION    VI.— THE  PULSE. 

The  examination  of  the  pulse  gives  us  direct  in- 
formation regarding  two  things,  namely,  the  condition 
of  the  vessel  walls  and  the  amount  and  variations  of 
pressure  of  the  contained  blood.  By  intelligent 
observation  of  these  facts  we  can  obtain  very  valuable 
information  regarding  the  state  of  the  heart  and 
circulation,  oa  well  as  the  general  state  of  the 
patient. 

When  any  observation  ia  to  be  made  on  the  pulse, 
the  patient  should  lie  lying  on  his  back,  or  at  least 
flitting ;  and,  except  foi-  special  purposes,  should  not 
have  been  making  any  eifort  for  some  little  time 
previous  to  the  exanii nation.  The  pulse  is  most 
readily  felt  when  the  patient's  forearm  is  pronated. 
In  cases  of  aortic  regurgitation  tlie  peculiar  character 
of  the  pulee  {vide  infra,  p.  189)  is  more  distinctly 
brought  out  when  the  patient's  arm  is  elevated. 

To  feel  the  pulse,  place  three  fingers  of  the  right 
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hand  on  the  patient's  radial  artery  at  the  wrist.  It  > 
is  immaterial  whether  the  observer's  index  finger  be 
nearest  the  elbow  or  the  hand  of  the  patient,  but  for 
beginners  it  is  best  to  select  the  same  position  in  all 
cases.  If  it  is  made  a  habit  to  examine  both  radials 
in  every  case,  errors  in  diagnosis,  such  as  failing  to 
detect  the  presence  of  aortic  aneurysm  or  an  abnormal 
position  of  the  vessel,  will  frequently  be  avoided. 

When  the  artery  is  beneath  the  finger,  the  follow- 
ing observations  should  be  systematically  made  : — 

(A)  Factors  which  depend  upon  the  heart. 

1.  Rate  of  pul»e ; 

2.  Khythm  of  pulse  (irregularity,  intermission) ; 

3.  Equality  or  inequality  in  strength  of  succesriye 

beats. 

(B)  Factors  which  depend  upon  the  vessel. 

4.  The  size  of  the  artery  ; 

6.  The  condition  of  the  vessel  wall  (a,  hypertrophy 

of  media ;  h^  changes  in  intima,  viz. : — early, 

fibrous  thickening ;  late,  atheroma). 

(G)  Factors  which  depend  on  hoth  heart  and  vessels,  the 

latter  element  generally  being  of  greater  importance. 

6.  The  amount  of  movement  during  the  passage  of 

a  pulse  wave  (volume) ; 
7*  The  blood  pressure  in  the  vessel  during  the  beat 
(maximum  pressure  or  ^'  force  ") ; 

8.  The  blood  pressure  between  the  beats  (minimum 

pressure  or*"  tension  *') ; 

9.  l&kA   general  character  of  the  pulse  wave  as 

regards  rise,  maintenance,  and  fall  of  pressure ; 
and  the  presence  or  absence  of  palpable 
dicrotism  or  of  other  secondary  waves.* 

The  rate  of  the  pulse  is  given  as  so  many  beats 
per  minute.     It  is  well  not  to  begin  counting  imme- 

♦  In  studjring  the  pulse  the  student  should  always  have 
before  his  mind  the  relation  between  the  successive  changes  in 
pressure  which  can  be  felt  with  the  iiuger,  and  the  graphic 
record  of  these  changes  which  can  be  secured  by  the  use  of 
the  sphygmograph.  The  rise  of  pressure  correspouds  with  the 
sph^gmographic  upstroke,  the  mamtenauce  with  the  apex  and 
portion  of  the  curve  foUowing  it  as  far  as  the  dicrotic  notch, 
&e  faU  with  that  portion  of  the  curve  which  commences  with 
the  dicrotic  wave  {iee  page  186). 
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diately  the  finger  is  laid  on  tlie  pulse,  as  the  agitation 
of  the  patient  often  accelenites  it  at  first.  After  wait^ 
ing  till  it  resumes  its  normal  rate,  count  the  beats  for 
one  minute,  and  record  the  result  The  beat  at  which 
the  observation  commences  should  not  be  counted. 

The  successive  beats  of  tile  pulse  may  recur  at 
equul  or  unequal  intervals,  giving  a  regular  or 
■rregiilitr  rhythm.  In  the  latter  case,  the  beats 
may  occur  in  symmetrical  groups,  some  of  the  simpler 
of  which  have  received  sjjecial  names  :  thus  if  there  be 


two  beats  and  a  pause,  recurring  in  regular  seqiieuce, 
we  obtain  the  pulsus  higeminua  (Fig.  46),  three  beata 
and  a  pause  give  the  paUue  trigeminus  (Fig.  47).  In 
other  cases  HO  such  symmetry  occurs.  Besides  the 
varying  biterval  that  may  occur  between  consecutiva 
boats,  the  Ijeats  themselves  may  be  imequal  in 
itrength.  Some  beats  may  be  weaker,  and  the 
weaker  beate  may  eventiiHlly  become  imperceptible — 
we  thus  arrive  at  pulses  which  may  be  classed  under 
the  previous  heading  (irregular  pulses) ;  this  is  espe- 
cially true  of  the  symmetrical  types. 

The  fourth  oliservation  is  directed  to  ascertain  the 
state  of  the  vessel.  Two  points  should  be  noted  : 
first,  the  size  (calibre)  of  the  vessel ;  acuotidly,  the 
conditioD  of  its  walla. 
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''To  detennino  the  calibre,  empty  the  vessel  of  !)lood 
by  film  pressure  and  endeavour  to  gauge  its  hreaillfa 
in  the  flattened  state.  Should  this  be  imp  tact  icultle, 
allow  the  blood  to  return  below  the  finger,  and  note 
the  size  of  the  cylindrical  tube.  When  the  vessel  is 
contracted  the  calibre  is  small,  when  the  muscular 
coat  is  fully  relaxed  it  is  distinctly  larger.  Be  careful 
to  oHcertaiii  that  the  radial  arteiy  is  really  under 
observation  ;  in  a  certain  proportion  of  cascM  it  winds 
round  to  the  bact  at  an  unusually  higb  level,  whilst 
the  Guperficialis  toIk  continues  to  run  in  the  usual 


site  of  the  lai^ev  vessel.  One  may  thus  be  led  into 
error  if  the  abnormal  distribution  is  not  recognised. 

To  discover  the  elate  of  the  wallg,  flatten  the 
vessel  and  cause  the  akin  of  the  patient's  wriHt  to 
slip  up  and  duwn  over  ib  In  health  the  vessel  wall 
can  r.irely  be  felt  unless  the  arm  is  thin.  In  iliseaBe 
one  may  feel  general  or  local  thickening,  calcification, 
tortuosity,  or  irregular  dilatations.  These  changes 
must  be  discounted  when  an  attempt  is  made  to 
estimate  the  blood  pressure  in  the  vessel. 

Having  observed  the  state  of  the  vessel,  one  pro- 
ceeds to  apply  just  sufficient  pressure  to  flatten 
it  between  the  beats.  When  this  ia  done  the 
increased  blood  pressure  that  is  present  during 
the  beat  will  cause  the  blood  vessel  to  resiime  its 
cylindrical  shape  ;  and  further,  inasmuch  as  the  vessel 
wall  is  elastic,  will  stretch  ib  until  the  internal  stress 
ia  balanced  by  tiie  strained  wall. 
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Tliia  obsei'vatioQ  enables  ua  to  eatimato  the  ampli- 
inde  of  moveineDt  of  the  vessel  wall  during  the 
passage  of  the  pulse-wave.     Ab  the  eloEtic  stretching 
the  vessel  ia  never    great,  the  movement  chiefly 
lepends  on  the  resumption  by  the  flattened  artery  of 
cylindrical  Bfaape,  and  the  amount  of  ttuch  move- 
)nt  is  consequoutly  greater  the  more  dilated  the 
""iB    force    of    the    heart's    action    also 
exercises  a.  certuin  influence  on  the  amount  of  move- 
ment, although  to  a  much  less  degree  than  the  re- 
laxation or  contraction  of  the  coats  of  the  artery. 

This  proceeding  is  often  described  as  "  obgerving 
l!ie  iixpansion  "  of  the  pulse. 

The  next  point  is  the  determination  of  the 
maslmuin  blood  pi-essnre  or  force,  which,  of 
course,  occurs  during  the  beat.  In  this  case  throe 
fiugera  must  be  placed  on  the  artery,  so  that  it  miiy 
both  abose  and  below  the  point  where 
the  pulse  is  being  felt. 

Place   the  finger  next  the   wrist  firmly  on  the  ■ 

lessel  to  prevent  any  pube  from  the  ulnar  artery 

Oiing  the  middle  finger  through  the  palmar  arch ; 

let  the  middle  Gnger  rest  on  the  vessel  with  such 

as  will  render  the  pulse  most  distinct,  and 

then  gradually  compress  the  artery  above  this  point 

with  the  remaining  finger,  noting  the  pressure  em- 

loyed  when  the  pulse  censes  to  be  felt  by  the  middle 

iger.     Tills   pressure,  being  just  suflicient  to  pre- 

it   the  blood  from  lifting   the   finger   during  the 

corresponds  to  the   maximum  blood  pressure. 

Inly  careful  practice  on  a  large  number  of  healthy 

'  diseased  pulses  will  enalile  the  student  to  detcr- 

lino  whether  in  a  given  case  the  requisite  pressure 

normal,  excessive,  or  diminished. 

The  importance  of  cutting  off  recurrent  pulsation 

oiigh  the  palmar  arch  must  never  bo  overlooked. 

u   moat  likely    (p  oocur  in  cases  where,  i 
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to  yascnlar  dilatation,  the  blood  pressure  is  unusually 
low,  and  thus  if  neglected  would  lead  to  serious 
error,  as  the  middle  finger  would  continue  to  feel  the 
pulse,  even  when  the  upper  finger  exerted  great 
pressure.  As  a  natural  consequence  the  observer 
would  greatly  over-estimate  the  maximum  blood 
pressure  in  the  vessel.  It  is  worth  noting  that 
this  recurrent  pulse  is  frequently  present  in 
chlorosis. 

It  is  rather  more  difficult  to  estimate  the  mini- 
mant  blood  pressure,  or  tension.  One  thing 
may  be  remembered — ^namely,  that  in  cases  where  the 
maximum  pressure  is  low  the  minimum  must  be  still 
lower;  this  rule  must  not,  liowever,  be  extended 
into  an  assertion  that  a  high  maximum  will  necessarily 
involve  a  high  minimum  pressure. 

To  test  for  the  minimum  pressure,  one  may  attempt 
to  roll  the  vessel  from  side  to  side  under  the  fingers 
between  the  beats.  When  the  pressure  is  low,  one 
cannot  feel  the  vessel  at  all;  it'  it  is  high,  it  may 
feel  as  hard  as  a  piece  of  whipcord.  Of  course,  one 
must  be  careful  not  to  be  misled  by  thickening  of  the 
wall  of  the  artery. 

Another  method  which  gives  good  results,  and 
which  may  be  more  easily  appreciated  by  many,  is 
to  feel  the  pulse  first  with  light,  then  with  moderate, 
and  finally  with  considerable  pressure  of  the  fingers  on 
the  artery.  A  pulse  of  low  tension  {i,e.  with  a  low 
minimum  pressure)  is  best  felt  in  the  first  case,  for 
the  light  pressure  is  sufficient  to  flatten  the  vessel 
between  the  beats,  whilst  it  allows  the  artery  to 
resume  its  cylindrical  shape  without  much  resistance 
during  the  beat,  and  is  thus  favourable  to  the 
development  of  the  greatest  possible  amplitude  of 
movement ;  whilst  on  the  contrary,  where  the  tension 
is  high,  considerable  pressure  is  required  to  flatten 
the  vessel  between  the  beats.     But  one  QbtaiVK\&  \X\^ 
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greatest  amplitude  of  movenient  precisely  when  the 
vessel  is  thus  flattened,  and  so  in  a  high-tension  pulse 
the  more  firmly  one  presses  the  more  forcible  does  the 
pulse  appear  to  grow. 

A  normal  pulse,  lying  as  it  does  between  these 
extremes,  is  best  developed  when  moderate  pressure 
is  applied. 

When  all  these  points  have  been  determined, 
one  should  conclude  by  stud3'iiig  the  general 
character  of  tlie  pulse-beat.  This  is  divided 
into  three  periods :  first,  the  period  during  which  the 
blood  pressure  is  rising ;  secondly,  the  period  at 
which  the  blood  j)ressure  continues  near  its  maxi- 
nmm ;  and  lastly,  the  period  during  which  the  blood 
pressure  once  more  falls  off. 

The  amount  of  movement  having  been  already 
obsen'cd,  one  tries  to  estimate  the  rapidity  of  the 
rise  of  pressure,  describing  the  rise  as  abnipt,  rapid, 
moderate,  or  slow.  In  cases  where  it  is  abrupt  it  will 
be  found  that  the  pulse  is  of  low  tension  ;  ^vhere  it  is 
slow  the  pulse  is  either  one  of  high  tension  or  an 
aneurysm  is  present.  The  latter  condition  may  cause 
the  rise  to  be  excessively  gradual.  It  is  only  in 
aneurysm  that  the  rise  of  pressure  may  be  as  gradual 
as  the  subsequent  fall. 

As  regards  the  period  at  which  the  pressure 
remains  near  its  maxiiuum,  the  point  to  be  observed 
is  whether  the  pressure  is  well  sustained,  or  whether, 
on  the  other  hand  it  has  no  sooner  attained  its  highest 
value  than  it  begins  to  fall  ofl'  again  with  rapidity. 

In  the  third  i)eriod,  one  observes  whether  the 
fall  of  pressure  is  swift  or  gradual.  During  the  fall, 
instead  of  continuous  decrease,  there  may  be  oscilla- 
tions of  pressure,  which,  in  marked  cases,  are  quite 
perceptible  to  the  finger  as  distinct  impact«5  following 
the  primary  stroke  of  the  pulse.  Of  these  the  most 
noteworthy  is  that  known  as  the  dicrotic  wave* 
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It  is  best  marked  in  pulses  of  low  tension  (provided 
there  is  not  aortic  regurgitation),  and  is  most  readily 
felt  when  the  finger  is  veiy  lightly  applied  to  the 
vessel  Where  not  readily  perceived,  it  is  often 
accentuated  by  occluding  the  vessel  on  the  distal  side 
by  the  lower  finger,  whilst  the  middle  and  upper  ones 
remain  lightly  applied. 

The  secondary  wave  which  the  finger  detects 
with  the  next  greatest  frequency  is  tJie  tidal  or 
predicrotic  i¥ave«  It  occurs  in  certain  pulses  of 
high  tension  where  the  blood  escapes  slowly  from  the 
contracting  ventricle,  and  is  very  characteristically 
present  in  aortic  stenosis.  In  opposition  to  the 
dicrotic  wave,  it  is  best  felt  when  considerable 
pressure  is  applied  to  the  artery,  and  thus  there  is  no 
diflGlculty  in  discriminating  between  the  two. 

Besides  these,  in  pulses  of  high  tension,  there  are 
frequent  fluctuations  of  pressure  at  a  period  subse- 
quent to  that  in  which  the  dicrotic  wave  occurs. 

These  can  sometimes  be  detected  by  the  fingers, 
but  it  requires  much  practice  to  recognise  them.  They 
are  visible  enougli  in  good  sphygmographic  tracings. 

The  typical  pulse  of  a  healthy  adult  man  should 
be  described  in  some  such  terms  as  the  following  : — 

The  rate  is  seventy  per  minute.  The  beats  are 
regular  in  rhythm  and  equal  in  strength.  The 
expansion  is  moderate  in  amount.  The  vessel  is  not 
tortuous,  its  walls  are  not  rigid  or  thickened,  and 
between  the  beats  it  is  just  possible  to  feel  it.  It  is 
of  medium  size.  The  passage  of  the  pulse- wave  can 
be  arrested  by  moderately  firm  pressure,  and  the  beat 
is  best  felt  when  a  medium  degree  of  pressure  is 
applied  :  in  other  words,  the  force  and  tension  are 
both  moderate.  With  regard  to  the  general  character 
of  the  pulse,  the  rise  of  pressure  is  neither  abrupt  nor 
very  gradual,  it  is  fairly  well  sustained,  and  its  fall  is 
gradual,  but  not  very  tardy.     No  conspicuous  oscilla- 
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tinns  of  pressure  are  discciniKle  daring  die  lime  of 
guhsidenre. 

The  adTinlage  of  an  inBtroment  whicli  foald  be  naed  in 
clioioal  vcrk  for  the  accunte  measurement  oE  ILe  uteiial 
blood  pre^uie  bolh  doling  Hnd  between  the  beaU  bai  long 
been  i«cognUed.  We  axe  now  in  paM^sian  of  eeTeral  which, 
Ihoiigh  they  cannot  be  whoUj  ti^  ivaa  rUki  of  error,  since 
the  prefiBures  have  to  be  gau^id  througii  the  walls  of  the 
nrteries,  which  are  mmedmee  thick  and  rigid,  and  also  Ulroiieb 
Uie  tissues  overlying  them,  are  vet  aiifBcienUy  tnistiKDilij 
to  ofFer  a  tery  ntatenat  aMLs(&n(»  in  the  estimatian  of  blood- 
pri^aiurc,  and,  whilet  sapplementtng  and  conflniiing  oboem- 
tiong  which  have  bei.-D  made  by  the  finger,  have  the  additional 

unlAge  of  yielding  their  resulta  in  a  tonn  capable  of  bring 
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iDHtrumenta  the  most  suitable  for  clinical  Di 
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the  pocket  form  of  Hill  &  Bernard's  sphyginomelcr  *  Rod 
Ulivei'a  hamio-dynitmoDioter.t  In  both  of  theso  tbo  blnod- 
pruMure  is  estimated  by  the  npplccation  of  inf-Tcasing  proaaura 
ovtir  the  radinl  artery  through  a  small  bog  coDtiuning  Said, 
<aniprosBing  force  being  sstinuited  in  Uill  &  Barnard'a 
inattumont  by  the  height  to  whioh  a  column  ol  fluid  ii  driven 
iBcd  tuba  against  the  Cosislance  of  the  air  confined 
Iq  Oliver's  a  similar  method  of  determining  the 
is  used,  and  iU  amount  is  read  oft  oo  nn  ordinary 
gauge,  which  has  been  carofally  gradnaled. 
UiU  k.  Barnard's  instrument  (Figs.  4S,  4Sa)  is  used  m 

The  aTteriol  presauro  should  bo  tuk<m  when  the  patient, 
frni  from  aicitemcnt,  is  quietly  retting.  It  BhoiiM  be  taken 
tMith  in  the  recumbent  and  statirling  postures,  in  ('Td<:r  to  detu^ 
whet'ner  the  compensation  tor  the  influence  of  gravity  it 
at.  The  pulse  froqiinncy  should  be  noted  in  eiich  mm. 
writt  shutiid  lu  Jilnced  on  the  aurne  level  as  the  heart,  and 
iMl  hy  Ilii'k),  Hatlon  aordini.  Louden,  E.C, 
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it  ii  conTenient  to  eiUmd  it  over  tlie  edge  of  the  bed  or  some 

ottier  reit, 

2.  Hold  the  iphygmomster  ia  the  vertic&l  podtion,  open 
the  tap,  end  press  the  edg;e  ol  the  rubber  bug  upon  the  lablo 
until  the  fluid  ruea  to  lero.  Then  oloae  Hie  tap.  Bj  Betting 
the  fluid  at  EBro  before  each  reading,  eirote  due  to  variationi 
of  atmot^heric  preerare  wid  temperatnie  are  avoided. 


(pockBtfOriD,  ippUad) 


3.  Should,  hoverer,  the  Bnid  have  already  risen  above  the 
zero  mark,  close  the  tap  and  preas  tbe  fluid  up  until  the  cham- 
ber is  about  half-full,  and  on  its  return  it  will  be  found  to 
have  fallen  bdow  the  nero  mark,  vhon  you  can  proceed  as 
slated  above. 

4.  Having  set  the  fluid  at  zero,  press  the  rubber  haR  upon 
the  tadisl  artery  until  the  maximal  pulsation  of  the  Quid  is 
obtained.  Bead  the  pressures  indicu.leil  on  the  scale  at  Uiat 
^int.  Foroiample: — Suppose  the  pulsation  is  maiimal  be- 
tween 110  and  120  mm.  Hg,,  then  the  arterial  pressure  equals 
115  mm.  Ilg.  The  normal  pressure  in  young  men  is  about 
110-120  mm.  Hg.  in  the  stHniiing  and  100-110  nna,"H,i,\o.'fia» 


w 


T//E    C IRC!' LA 


KV   SVS 


ncumbcnt  poBturo.    The  pulne  frequcDbjr  doea  not,  as  a  rale, 
vary  more  Iban  five  bead  pei  minute  in  tlie  two  positions. 

b.  Willi  this  inatninieDt  the  venoaa  pressure  ran  al^  tie 
obtained  in  the  mnnner  suggested  by  Dr.  Gi-orge  Oliver.  On 
tbe  biicli  oF  Ibc  hnnd  or  bjid  choose  a  lengtii  of  vein  hea  fro 


'i  IlKino-dyiiBini 


6.  It  is  well  to  n-  te  Dial  sboulil  tbe  glass  tap  of  the  instm- 
ment  bccume  exceptionslly  ittiS  oc  tights,  momenbiry  auapf nnon 
over  Iho  finme  o(  a  apirit  lamp  or  cundle  rendoia  it  quite  viaj 
ti>  tum  ngnin,  but  it  is  most  impoitont  that  it  be  bold  there  tM 
lon);tir  tluin  ia  absolutely  oecrBHary. 

'Iliu  aphygmomcter  is  alio  supplied  with  an  attachment  to 
fit  Ihe  wrist,  preFSure  being  then  increased  or  diminiahed  hj 
tbljualtnuits  of  the  wrist  band,  and  abaolute  ituudincra  tbiu 
cnsurol.     (Fig,  48a.) 

Olivet's  intitniniBnt  ia  employed  thus  ; — 

'lite  wrist  is  bant  at  an  angle  of  abiiut 
irciject  the  vessel  on  ita  bed,  while  tlio  nr 
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iide.    The  wxiit  should  be  on  a  level  with   the  ensiform 
cartilage  in  the  erect  (sitting  or  standing)  postures,  and  with 
the  back  in  the  recumbent  attitude.    Tho  pad  is  placed  over  tlio 
artery  whilst  the  instrument,  with  its  dial  uppeimost)  is  puslicd 
gently  forward  in  the  horizontal  position   (Fig.  49).     Tho 
indicator  will  then  rise  on  the  acale,  and  begih  to  pulsate  whon 
measuring  50  mm.  or  more.   Tho  pukationB  gmdually  increase 
in  size  as  the  indicator  is  made  to  rise  further  on  tho  scale, 
nntil  a  podnt  is  reached  when  the Sr  attain  their  largest  oxciit- 
sion,  beyond  which  they  as  gradually  diminish.     The  reading 
of  the  arterial  |>res8ure  is  made  when  the  pulsations  have 
ftoquired  their  ftUlost  development;    then  the  observer  has 
raised  the  fluid  pressure  in  tho  bag  so  that  it  just  balances  tho 
blood  pressure  which  is  present  in  the  attery  between  thO 
beats,  and  its  measure  is  the  mean  of  tho  two  readings  at  oithof 
end  of  the  maximum  excursion  of  the  indiciitor.     As  it  is  more 
easy  to  determine  with  accuracy  the  limits  of  a  small  oscilla- 
tion than  those  of  a  larg^  one,  it  is  better  in  cases  where  the 
volume  of  the  pulse  is  large  to  select  a  smaller  artery  than  the 
radial  for  the  observation.     In  such  cases  tho  ulnar  artery 
usually  proves  suitable. 

Either  instrument  can  also  be  employed  to  asctrtiiin  the 
maximum  blood  pressure  by  feeling  the  pulse  bt^yond  the 
point  where  the  instrument  is  applied,  and  then  gradually 
increasing  the  pressure  until  pulsation  is  no  longer  felt.  Tho 
reading  which  the  index  then  records  is  a  measure  of  the 
maximum  blood  pressure  in  the  vessel. 

SECTION     VII. —THE     USE     OF    THE 
SPHYGMOGRAPH. 

For  permanent  recoi-d,  and  also  to  aid  in  the  ana- 
lysis of  details,  it  is  important  to  employ  a  sphygmo- 
graph  as  well  as  to  feel  the  pulse  in  all  cases  where 
the  state  of  the  heart  and  vessels  is  an  important 
factor.  Numerous  types  of  sphygmograph  are  now  in 
use,  but  only  Marey's  and  Dudgeon's  will  be  described 
here,  as  they  are  most  frequently  employed.* 

*  A  modification  of  Dudgeon's  sphygmogiaph  has  been  intro- 
duced by  Jaquet,  and  has  the  advantage  of  possessing  a  time- 
marker  actuated  by  a  separate  mechanism,  whio.li  enables  act'urato 
measurements  to  be  made  of  the  exact  duratirm  of  the  various 
events  recorded  in  the  tracing.    As  the  recovdmy;  \^a.\>et  cA\«a 


I  kevto 
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In    Mnrcy'B    sphygmogrnph  the    pad  whioh 

restx  on  the  artery  a,cte  on  a  long  lever  the  farther 
end  of  whioli  tnicea  the  pulse  curve  on  amoked  pajier, 
tliiit  is  hfid  in  a  frame  driven  by  clockwork.  In 
DiitlKeou's  the  Ba,ine  roi^tilt  is  obtained  by  connect 
iiig  tivo  shorter  leverij  in  such  n  manner  as  to  mt^nify 
the  movement  of  the  iiad  fifty  times.  The  end  of  the 
lever  in  Marey'a  instrument  describes  the  arc  of  a 
circle ;  in  Dudgeon's,  owing  to  the  mechanical  device 
employed,  the  style  moves  backwards  and  forwards  in 
a  straight  lina  The  following  description  of  the 
ithod  of  using  each  will  aid  the  student  in  applying 

I.  Marey's  instrument :  The  patient  should  sit 
lie  down.  Flnce  the  arm  support  on  a  table  of 
suitable  height  beside  the  patient.  Loosen  any  tight 
garments  about  the  patient's  arm,  which  mast  be 
bared  to  above  the  elbow.  Place  the  arm  supine  on 
the  support,  with  the  back  of  the  wrist  at  the  highest 
part.  Semiflex  the  fiugers.  Ittark  the  line  of  the 
nidinl  on  the  skin,  and  draw  a  croas  line  where  the 
pod  of  the  sphygmogra|)h  is  to  rest.  Wind  the  clock- 
work and  adjust  the  ])aper  on  the  instrument,*  Place 
the  jiad  of  the  sphygmograph  very  accurately  in 
]x)ijition,  with  the  lever  pointing  up  the  arm  towards 
the  elbow,  and  lix  the  instrument  in  its  place  by  non- 
elastic  bands.  Adjust  the  pressure  of  the  pad,  by 
means  of  the  screw  or  milled  head,  until  the  lever 
aHbrds  the  maximum  range  of  movement.  Adjust 
level  of  the  style,  after  recoupling  it  with  the  pad, 

ices  with  ctmndemblo  irregularity  iu  speed  Uiis  is  aii  im- 

"*  ' iveiuHnl      A  birger  t  irm  of  Jaqaet'i  instrumoat  il 

.  -^  which  hy  the  iiiil  of  biinbours  the  anex  buat  ot  Die 

ketrt  mid  ttiii  cjirQliil  jiiiIm  caui  be  recorded  Bimultiuieaiuly  witli 
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so  that  the  movement  of  the  lever  takes  place  opposite 
the  smoked  paper,  and  see  that  the  style  is  in  contact 
with,  but  does  not  press  too  heavily  on,  the  latter. 
Before  varnishing  the  trace,  note  patient's  name,  date 
(and  time  of  day),  whether  right  or  left  radial,  pulse 
rate,  respiration,  and  approximate  pressure  employed.** 
Ordinary  quick-drying  negative  varnish,  as  used  by 
photographers,  is  employed  to  fix  the  trace,  the  pai)er 
being  dipped  into  a  jar  of  varnish,  or  laid,  trace  up 
wards,  in  a  saucer  containing  some. 
IL  Dudgeon's  instrument : — 

1.  Wind  up  the  clockwork. 

2.  Insert  one  end  of  the  smoked  paper  (smoked 
side  uppermost)  on  the  right  hand  side  of  the  in- 
strument between  the  roller  and  the  small  wheels. 

3.  Make  the  patient  hold  out  either  hand  open, 
and  in  an  easy  position,  palm  upwards,  the  fingers 
pointing  towatds  you,  and  tell  him  not  to  move  the 
wrist  or  fingers. 

4.  Ascertain  and  mark  the  precise  spot  whore  the 
radial  artery  beats  at  the  wrist. 

5.  Slip  the  band,  the  free  end  of  which  has  been 
drawn  through  the  clamp,  over  the  patient's  hand. 

6.  Adjust  the  pressure  of  the  spring. 

7.  Place  the  pad  on  the  artery,  the  clockwork 
ease  being  nearest  the  ellK)w. 

8.  Retain  the  instrument  in  place  with  the  right 
hand ;  tighten  the  band  sufficiently  with  the  left,  and 
damp  by  means  of  the  screw  with  the  right  hand. 
When  the  band  is  correctly  tightened,  the  needle  will 
oscillate  over  the  paper.  If  the  tightness  is  nearly 
but  not  quite  correct,  bend  the  hand  backwards  at 
the  wrist  to  increase  the  tension,  or  forwards  to 
diminish  it. 

*  The  nominal  pressure  as  given  by  the  index  on  the  screw  is 
not  even  approximately  oorrect,  but  if  the  same  in&\x\mi(^ti\.  Ss^ 
alwaji  used  the  results  are  comparable  to  some  extent. 
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9.  Set  the  paper  in  motion  by  releasing  the  catcll 
^at  controtn  the  clockwork, 

10.  Lut  the  paper  run  through  unassisted,  nntl 
ntch  it  in  your  hand  as  itpaasea  from  the  instruraent. 
jBhincrally  the  patient's  hand  must  be  suppoi'tcd  whilst 
HIG  tracing  is  taken. 

^      11.  Stop    the    clockwork    as   soon    as  the  paper 
nas  passed. 

'se  tracing,  rise  of  blood  pressure  will  be 
ipresented  by  an  upstroke,  and  fall  by  a  downstroke. 

Bearing  this  in  mind,  the  student  will  readily 
understand  the  main  outlines  of  a  healthy  pula« 
tracing.  Tlio  pressure  rises  fairly  rapidly  ;  therefore 
the  upstroke,  when  the  paper  ia  driven  forward  at 
the  usual  speed,  ia  nearly,  but  not  quite,  periiendicular. 
The  jiercuGsion  wave  is  quickly  followed  by  what  ia 
known  as  the  tidal  {ur  predicrotic)  wave ;  these  are 
not  separately  distinguishable  by  the  finger  in  health  ; 
the  sphygmograph,  however,  indicates  tLeir  existence 
by  a  notch  at  the  beginning  of  the  downstroke. 
Thereafter  the  pi-essure  begins  to  fall  off,  but,  at  the 
moment  when  the  aortic  valves  close,  the  decrease  of 
pressure  is  arrested,  and  a  positive  (dicrotic)  wave  is 
|iropagatMl  into  the  vessels  :  thia  con<lition  is  recorded 
by  a  small  break  in  the  descent  of  the  downstroke  of 
the  tracing.  The  foot  of  the  notch  immediatflly 
before  the  dicrotic  upstroke  indicates  the  time  when 
the  aorUc  valves  close.  After  this  rise  the  line  again 
curves  downwanls,  often  exhibiting  slight  secondary 
oscillations,  until  a  new  u|ffitroke  marks  the  arrival  of 
the  next  pulse-wave.  Ordinarily  the  btood  presitars 
takes  much  longer  to  fall  than  to  rise,  hence  the 
downstrake  is  much  less  vertical  than  the  upstroke 
(Fig.  50). 

A  lino  joining  the  lowest  points  nf  the  upstrokes 
-of  succossivo  pulse-lwatB  Oil    the  tracing   is  oft«^ 
1  OS  the  respiratory  lino.     In  health  it  is  usually 
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rii^ght,  but  where  the  blood  pressure  is  low  and  the 
piLtieut  is  HulTeriflg  from  dyspncea  it  becomes  undu- 
IfLting,    rising  to    a    higher   level   during   expiration 


and  sinking  sgairi   during  the  period  of  inapiratioD 
(Fig.  51), 

In  lieftlth  a   pnlse   tracing  taken  wiUv  B\i,\tT^e 
a  haa  a  aharp  apex,  a  emaU  tAdel  -wejUuV  « 
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moderately  distinct  dicrotic  wave,     A  rounded  apex,     H 
in  most  cases,  means  either  escessife  pressure  of  the      ■ 

Pig,  M.— Lov,--l«iislon  pnlse. 

sprinft    or    bad  applicntion    of    the  instrument  (see, 
however,  p.  190), 

^I^^^^l 

^^^ 

l^^^gg 

ITg.  !i!.-Hlgh-l81.<loii  pnlH. 

The  upstroke  is  longer    &nd  steeper  tlicin  usual 
when  the   ventricle    discbargea  a  larger  volume    of 
blood  than  normal  into  the  arteries,  and  when  the 
arteiiolos  are  dikted  (low  teneion)  (Kg.  61). 
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^  The  upstroke  is  shorter  &iid  \iiaa  stppp  when  the 
heart  acta  feebly  or  whett  the  aortic  ostium  is 
Bteiiosed,  so  that  less  blooil  than  usual  is  delivertnl  in 
ft  given  time,  and  also  when  the  blood  pressure  ia  high 
and  undue  opposition,  ia  thereby  offered  to  the  outflow 
from  the  heart  (Fig.  52). 

In  conditions  where  the  miaimuni  blood  pressure 
is  low,  the  dicrotic  wave  is  well  markwl ;  wb^^re  it  is 

high,  the  dicrotic  wave  is  Bcnall,  and  secondary 
oscillations  are  present. 

The  following  conditions  give  characteristic  trac- 
ings :— 

I-  Aortic  steaosis.  Small  amplitude,  sloping 
a[)stroke,  tidal  wave  well  develo|X)d,  and  often  higher 
than  primary  apex  [anacrotic  pulse]  (Fig.  53), 

2.  Aortic  Inconipetenvc.  Great  amplitude, 
abrupt  upstroke,  rapid  fall,  little  or  no  dicrotic  wave. 
This  is  known  aa  the  water-hammer,  collapaing,  or 
OoriTgan  pulse  {Figs.  54,  55). 

3.  mitral  discnse.  Smull  amplitude,  moderately 
steep  upstroke,  aecoudary  wave^  rather  slight, 
successive  beats  unequal  and  irregular,  especially 
when  failure  of  heart  is  threatening   to  set  in.      In 
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Htrol   stenosis   the  vascular  teiision    t«uds    to    be. 
higher  than  in  mitrul  incompetence*  (Fig.  56). 

4.  Aneurysm  of  the  ascending  or  Irans\'er8e- 
aorta  generally  affects  the  pulse  in  the  iniplicated 
radial,  where  the  impulse  ia  delayed,  whilst  the  rise 


is  gnidual,  the  amplitude  less,  and  the  apex  rounder 
tlian  in  the  uuaffected  radial  (Fig.  57), 

5.  Arterial  atticrooiR  of  the  great  vessels,  b; 
nboliiiliing  the  modifying  effect  of  their  elasticity, 
renilara  the  tracing  similar  to  one  taken  from  the 
pi-rasiire  curve  of  the  left  ventricle.  Tliia  is  known 
■  Tlio  oharoclpm  of  tlio  pnlm  in  uiitTBl  iliswuie  are  Tcrj 
vuiablo,  aud  aiiikce  forbiili  mij  uuuiplete  uuLlysia  of  Uie  subjoct 
..,i._  _,.-.t  ...  j[,y]j  tJiB  subject  moro  fully  »" 
"--'"-   "  Spliygmograph  in  CUuicAl 
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^Ftbe    senile    pulse    (Tig.    58i 

^^^^^ 

Aortic  atlieroma  combined  with  s 

^^^^^^H 

1 

moderate  degree  of  incooif^tence 

^^^l^H 

1 

gives  a  pu!»e  which  is  lite  tliat  of 

^^^^^^B 

iitheroma,  but  with  sliaq>er  apes. 

^^^^^^H 

Seveml   types   of    paL»«    have 

^^^^^^H 

i-oceived   G[iecial   names  ;    of  th-s* 

l!ie  fol!o**iji,;;  are  aumi.gst  the  more 

^^^^^H 

important  :— 

^^^^^H 

I.   Fnlsns  blsferieas.     The 

tidal  wave  19  felt  neparately  from 

^^^^^H 

- 

the  prititarj  impact.    The  tracing  is 

^^^^^^1 

chai  acteristic,  and  is  often  obeerve-l 

incaaesof  aorticstenoHis(Pi{t.  59). 

^^^^^H 

2.  PnUus  dirrolirns.     Tbe 

dicrotic   wave  a    exaggerated  (m^ 

^^^^^H 

p.  178)  (Fig.  60). 

^^^^^H 

■ 

tidal  wave  is  more  forcible  ti.«n 

^^^^^H 

;' 

the     percussion     wave.        Conse- 

^^^^^^H 

1 

quently    the    latter,    instead     of 

^^^^^^H 

i 

ajjpeariitg  at  the  aiimmit   of   the 

Bphygtnographtc  traciijg,  produces 

^^^^^H 

= 

an    indentation   in   the    u|tEtroke 

^^^^^^H 

? 

of     the     curve,    whose    apei    is 

^^^^^^H 

^ 

formed  hj  the  tidal  wave.     Tlie 

s 

^^^^^H 

where    the    tension   is  high,    and 

^^^^^^H 

e 

iike      die      pnlsus     bisferiens      is 

^^^I^^H 

frequently  asNociated  with    aortic 

^^^^^H 

stenosis.      It    is   most   impirlaiu 

^^^^^H 

anacrotic  pulse  those  cases  where 

one  finds  that,  from  the  raj>i(Iity 

^^^^^H 

of  the  heart's  action  and  extreme 

low    tension,    the   pulse    exhibits 

^^^^^H 

It^j^dicrotiaia. 

^^^^Hl 

^^^^L 

J 

1 


4.  FiiIhiis  celer.      The  prcEs 
tlie  u|)  and  down  Btrokea  are  tlierefore  iilirupt. 

f),  FulHUS  tnrdas.     Tlie  pressure   is  well   i 
luinud,  tbi)  tracing  is  less  abrupt.     This  ia  sometim 
deaoriljctl  lut  ii  "  lonj- "  pulse. 

Fuliiiift  bigcuiiniis.     Tliere  am   two    ))ei 
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situation 

^  for  t]ie  s 

^^^1  observe) 

^^H  those  ap 

^^^1  varieties 

^^^■^  guisbed. 

^^^■^  the  nedi 


194  ClUCULATOKV    SySTESf. 

and  a  pauae.     The  two  beat*  may  be  alikp.  o; 
may  differ  in  foice  (Fij,'.  46). 

7.  Pnlsiis  Irigeminiis.      Three    beats    . 
pause  (Fig.  47). 

8.  Pulsus  pni-adoxus.      llie    pulse    become 
BNialler  or  disa]t|ipavs  at  the  end  of  inspiratii 
tlie  patient  breathes  deeply.     It  occurs  in  pericardia 
adhesion. 

9.  Tlie  pu]se  i«  described  as  "wiry"  when  tb 
vessels  are  contracted  aud  the  heart-beat  is  rapid  a 
moderately  strong.  This  niay  occur  in  peritonil 
When  the  heart  gets  weak,  whilst  the  other  condition 
continue,  the  pulse  grows  "thready,"  but  at  th 
same  time  the  blood  pi-esaurc  generally  begins  t 
diminish. 

10.  The  pulse  is  aaid  to  be  "  rnnninn  "  when  th 
vessels  are  relaxed,  and  the  heart's  action  is  weak  an 
fairly  rapid, 

SECTION    Vin.— THE    VENOUS    PULSE. 

In  a  conaidei'able  number  of  cases  where  the  cii 
culation  of  blood  through  the  right  side  of  the  hear 
is  interfered  witli,  either  from  valvular  disease  o 
from  increased  blood  pressure  in  the  pulmonar 
circulation,  the  emhanaBsment  manifests  itself  b 
distention  or  pulsation  in  the  veins.  From  their  sin 
to  the  heart,  and  comparatively  siiperfieia 
situation,  the  veins  of  the  neck  offer  special  facilitie 
for  the  study  of  those  phenomena. 

Whilst  inspecting  the  root  of  tlie  neck  thi 
observer  has  already  had  an  opportunity  of  notinj 
appearances  where  they  exist,  but  the  seven 
varieties  and  degrees  of  disturbance  in  the  venot 
circulation  nmat  now  Iw  moie  completely  distil 
guisbed.  A  mere  flicker  of  pulsation  at  the  root  ( 
the  neck  wlien  the  patient  is  recumbent  is  oomi 
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enough  even  in  perfect  hcaltli,  and  must  not,  in  the 
absence  of  further  evidence,  he  regarded  as  indicating 
any  disease  of  tlie  heart  When,  however,  the  pulsa- 
tion passes  farther  up,  the  cjise  is  entirely  ahered. 
Two  points  must  then  be  noted — first,  whether  tliere 
is  actual  regurgitation,  or  merely  retarded  emptying  of 
a  full  vein  during  the  beat  of  the  heart ;  and  second, 
the  exact  moment  at  which  the  pulsation  occurs  with 
reference  to  the  apex  beat.  Sometimes  there  is  no 
dilficulty  in  distinguishing  between  reg^urgitalion 
and  simple  undulation  in  the  vein.  In  bad  cases 
of  tricuspid  incompetence,  a  mere  glance  at  the 
patient  will  at  once  reveal  the  nature  of  I  he  pheno- 
menon. Where  the  conditions  are  less  urgent,  and 
the  distinction  is  less  readily  determined,  a  simple  plan 
is  to  empty  the  vein  from  below  upwards  by  running 
the  finger  along  it,  and  then  to  keep  its  upper 
extremity  closed  by  the  pressure  of  the  finger,  so  that 
no  blood  can  enter  it  from  the  periphery 

In  cases  of  simple  undulation,  the  vessel  either 
remains  emj)ty  and  collapsed,  or  at  most  refills  very 
gradually,  as  small  collateral  branches  discharge  their 
contents  into  it.  Where,  however,  there  is  true 
pulsation,  the  valves  at  the  root  of  the  neck  have 
ceased  to  l)e  competent.  As  a  consequence  of  this, 
coupled  with  the  over-loaded  state  of  the  right  lieait, 
a  Imckward  wave  of  blood  is  forced  into  the  vein, 
which  re-fills  from  below  with  a  series  of  bounds 
corresponding  to  the  beats  of  the  heart,  and  aftf;r 
three  or  four  pulsations  is  again  distended  and  pul- 
sating as  vigorously  as  ever,  although  the  obsei-ver's 
finger  continues  to  maintain  the  peripheral  closure. 

Regarding  the  time  of  occurrence  of  the  venour? 
pulse   a    great   divergence   of    opinion    has   existe*' 
Recent   observation*  leads  to  the  following:  con( 

*  James   Mackenzie,  '*  Pulsations   in    the  Veinfi "    Joun 
Pathology  and  Jtacteriology,  vol  L,  p.  53.     C/.  a\Bo  "PVoirpr 
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sitHis  : — A  large  wave  is,  in  tjpic&l  caaes,  driven  baeV' 
during  auricular  systole ;  a  nSort  time  after  it  bua 
obtained  its  highest  pressure,  and  when  it  is  just 
'to  fall  off,  it  is  reinforced  by  the  shock 
which  the  cai-otid  pulse  imparts  to  aU  the  udjaront 
structui-es.  Thereafter  the  presauie  again  falls,  and 
often  reaches  its  minimum  towards  the 
Teutriuular  systole,  when  the  obstacles  to  the  entrance 
't&   blood   into  the  auricle  seem  to  be  less  marked. 


'•J* 


fig.  ei  (M  M 


,  r-iK). 


I^e  prefwure  again  rises  near  the  end  of  ventrioalar- 
BysCole,  the  ^^x.i\\X  time  of  this  second  rise  depending; 
ou  the  one  hand,  on  the  amount  of  tricuspid  leakngo 
t — or  in  some  cases  perhaps  of  mere  backward  yielding 
of  the  tricnspid  curtains  without  leakage — and  on  th4 
other,  on  the  activity  of  the  anriole  ;  it  then  falls  otf 
Somewhat  dnring  ventricular  diastole,  to 
inure  at  the  commencement  of  the  next  cardiao  cj 
with  auricular  systole.  TheGe  conditions  may 
r  traced  in  rblKtinn  to  the  events  of  tlie  cardiac 

^^^■'When  the  sequence  wilt  resemble  that  of  the  a 

t 
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panjing  diagram,  where  the  upper  tracing  represents 
the  movement  of  the  recording  lever  of  a  suita})ly 
adjusted  tambour  applied  to  the  pulsating  vein,  whilst 
the  lower  part  indicates  the  events  in  the  cardiac 
cycle^  which  correspond  to  the  various  parts  of  the 
curve  so  obtained  (Fig.  61). 

The  details  of  individual  tracings  differ  greatly ;  in 
some,  one  part  of  the  curve,  in  others  another  part, 
being  specially  emphasised.  For  details  the  original 
paper  must  be  consulted. 

In  certain  circumstances  a  venous  pulse  of  totally 
different  origin  may  be  present.  This  is  known  as  the 
centripetal  venous  pulse,  and  is  due  either  to 
great  dilatation  of  the  arterioles,  so  that  the  arterial 
pulse  passes  through  the  capillaries  and  is  visible  even 
in  the  veins,  or  to  an  aneurysmal  varix,  whereby 
direct  communication  occurs  between  an  artery  and 
vein,  and  the  pulse-wave  of  the  artery  reaches  the 
vein  by  this  channel.  The  observer  can  have  no 
great  difficulty  in  recognising  the  nature  of  such 
centripetal  pulsation. 

^SECTION  IX.— SYMPTOMS  AND   SIGNS    OF 
THE    PRINCIPAL    DISEASES    OF    THE 

HEART. 

1.  Valvular  diseases. — (a)  Aortic  incompe- 
tence. The  patient  complains  of  attacks  of  giddi- 
ness, is  often  pale,  and  his  arteries  pulsate.  Capillary 
pulsation  may  be  observed.  The  apex  beat  is  dis- 
placed downwards  and  outwards,  and  has  a  heavin?: 
character.  The  left  border  of  the  heart  is  farther  out 
than  usual.  A  murmur  accompanies  the  second 
sound,  as  has  been  elsewhere  described,  and  the  pulse 
exhibits  a  "  water-hammer  "  character. 

(6)  Aortic  stenosis.  Here  the  apex  beat  \& 
rather  weak,  and  the  displacement  lean  ixot8\3\e  ^;\v^t\ 
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in  the  last  conditiou.  The  arteiies  are  small,  and  the 
tension  of  the  pulse,  before  compensation  is  destroj^ed, 
is  somewhat  high.  Vertigo  or  fainting  tits  are  not 
uncommon.  The  murmur  is  de  cnbed  on  p.  163. 
The  aortic  second  sound  is  very  weak. 

(c)  Jflitral  incompetence.  This  condition  is 
often  associated  with  dyspnoea,  which  is  the  tii-st 
symptom  of  which  the  patient  may  complain.  The 
lace  is  apt  to  be  cyanotic.  The  apex  beat  is  of 
moderate  strength,  and  is  frequently  displaced  out- 
wards. On  auscultation,  in  addition  to  the  character- 
istic murmur,  one  finds  marked  accentuation  of  the 
second  souud  in  the  pulmonary  area. 

((/)  Iflilral  stenosis.  Here  the  stress  falls  chiefly 
on  the  left  auricle  and  right  side  of  the  heart.  The 
apc'x  beat  is  therefore  only  slightly  displaced  out- 
wards, and  is  not  unduly  vehement.  The  murmur  is 
veiy  frequently  accompanied  by  a  thrill,  and  in  many 
cases  the  second  sound  as  heard  at  the  apex  is  re- 
duplicated. The  pulse  is  at  first  not  notably  affected, 
but  gnvdually  becomes  irregular  and  feeble  as  com- 
pen>at:on  fails. 

(e;)  Tricuspid  incompetence,  which  is  usually 
secondary  to  mitral  disease,  is  associated  with  dilata- 
tion of  the  right  auricle,  and  consequently  with 
outward  displacement  of  the  light  border  of  the 
heart,  with  venous  and  hepatic  pulsation,  and  with 
dropsy.  The  murmur  has  already  been  described  ; 
the  second  sound  in  the  pulmonary  area  is  weak. 
The  patient  usually  sutlers  from  very  decided 
d}spna*a. 

2.  Idiopntliic  heart  diseases  lead  at  first  to 
hypertrophy  and  dilatation  of  the  ventricles,  sul>- 
sequently  to  fatty  changes  in  the  myocardium.  The 
physical  signs  will  obviously  vary  with  the  stage  of 
the  disease,  and  are  frequently  somewhat  hard  to 
interpret      Like   ail  other   forms   of   heart   disease, 
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tliey  terminate  in  failure  of  compensation,  with 
its  accompaniments  of  dyspnoea,  urinary  deficiency, 
dropsy,  and  cyanosis. 

3.  Pericarditis  is  characterised  by  pain  in  the 
chest,  more  or  less  fever,  and  by  friction  of  a  to-and- 
fro  character  when  etfusion  is  scanty.  When  more 
fluid  has  been  poured  out,  the  area  of  duluess  is 
tnaigular  and  oversteps  the  second  left  interspace. 
The  first  indication  of  an  increase  in  the  area  of 
duluess  is  often  found  to  the  right  of  the  sternum 
immediately  above  the  point  where  the  liver  and 
heart  dulness  meet.  The  apex  beat  is  internal  to  the 
left  limit  of  dulness,  and  may  bo  weak  or  quite 
unable  to  be  felt.  The  pulse  may  be  greatly  affected, 
and  it  is  by  this  disease  that  the  **  pulsus  pai  adoxus  " 
is  produced. 

4.  Iiitrntiiorncic  niiciirysin  of  the  aoita  leads 
in  some  cases  to  a  tumour  at  the  upper  part  of  the 
chest,  which  is  dull  on  percussion,  and  in  which 
expansile  pulsation  can  often  be  observed.  It  may 
also  ati'ect  the  character  and  synchronism  of  the 
pulses  at  the  two  wrists.  The  auscultatory  pheno- 
mena are  very  variable.  It  produces  numerous 
sympJouis  by  involvement  of  different  structures 
upon  which  it  comes  to  press  as  it  enlarges. 

5.  Cai*dinc  sisliinia.  This  condition  is  charac- 
terised by  attacks  of  severe  dysi)na*a,  often  lasting 
for  several  hours  on  end.  The  patient  is  so  breathless 
that  he  requires  to  sic  up,  and  may  have  to  call  the 
accessory  respiratoiy  muscles  into  violent  exercise. 
It  is  distinguished  from  bronchial  asthma  by  the 
state  of  the  heait,  which  is  generally  dilated,  and 
whose  ai)ex  beat  is  weak.  The  pulse  also  is  small, 
rapid,  and  irregular,  and  the  dyspnaa  is  not  of  the 
pure  expiratory  type  which  characteiises  asthma  of 
respiratory  origin. 


CHAPTER    V. 


jkU  B»J  be  dune  by 


~  The  iBsUuioeat  cunsbu  o( 
a  mixing  pipette  (Tig.  62)  saiukly 
graduated  and  a  counting  slidi>. 
Cleanse  tbe  lobe  of  the  patient's  ear 
wich  sOf)j>  KDcl  water,  diy  it,  and  rob 
it  a  little  between  the  finger  and 
thumb  in  the  Arjia^,  so  as  to  render 
it  hyi'ereujic  Hake  a  puncture  on 
the  lower  bonier  of  the  lobe  by  means 
of  the  lance t-Bha|>ed  needle  sapplied 
with  the  inatruinent.  The  needle 
uliould  be  inserted  with  &  rather 
Hudjpn  stab — not  too  slowly — and 
till!  blooil  must  flow  freely.  On  no 
uccount  must  the  blood  be  nqweaed 
out,  aa  it  is  then  always  diluted  by 
lymph  Rqueezed  out  of  the  tiasiiea. 
Slowjy  suck  up  blood  by  means  of 
I.I111  pipette  till  either  the  mark  0-5 
<ir  1  is  reached.  If  one  should 
lijiliprin  to  go  a  little  lieyond  the  0-6 
murk,  the  column  of  blood  should  be 
KOtitly  blown  down  to  the  proper 
p<iint.  If  blood  huH  been  sucked 
piut  tlie  mark  1,  it  has  reached  the 


mijdng  chamber,  and  the  process  must  be  begun  oyer 
agaii).  Haying  cLar^ed  the  pipette,  wipe  the  end  of 
it  on  a  clean  cloth,  and  plunge  it  at  once  into  the 
diluting  fliud  (Appendix,  17),  which  should  be  stand- 
ing ready  in  a  small,  wide-necked  bottle  with  the 
stopper  out.  Suck  up  the  diluting  fluid  as  far  as  the 
mark  101.  Whilst  doing  so,  the  pipette  should  be 
gently  rotated  so  as  to  start  the  mixing.  Seize  the 
pipette  firmly  by  its  ends  between  the  forefinger  and 
thumb,  and  shake  thoroughly  for  about  one  minute. 
This  produces  a  thorough  mixing  of  the  blood  with 
the  fluid.     It  must  be  remembered  that  the  column 
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Fig.  68.— Thoma-ZeiBs  Counting  Slid& 
f,  slide    m,  platform ;  0,  wall  of  trench. 

■ 

of  diluting  fluid  which  occupies  the  capillary  part  of 
the  pipette  does  not  enter  into  the  mixture.  Hence, 
if  blood  is  sucked  up  to  0  5,  the  dilution  produced  is 
in  the  propoi-tion  of  1  in  200,  whereas  if  blood  is 
taken  up  to  the  mark  1,  the  dilution  is  only  1  in  100. 
The  former  degree  of  dilution  is  to  be  preferred  in 
most  cases.  The  finger  should  now  be  removed  from 
the  pijHrtte,  and  the  diluting  fluid  in  the  capillary  tube 
blown  out.  After  a  few  drops  of  the  diluted  blood 
have  been  shaken  out,  a  small  drop  is  transferred  to 
the  counting  slide  (l^^ig.  63).  The  latter  consists  of  a 
small  platform  (m)  bounded  by  a  trench  which  is 
surrounded  by  a  glass  slab  (c).  On  the  surface  of  the 
platform  microscopic  squares  are  ruled,  each  having 
an  area  of  -5-J^  square  millimetre.  Special  cover 
glasses,  carefully  ground,  are  supplied,  which  rest 
upon  the  glass  slab,  a  space  being  left  between  the 
under-surface  of  the  cover  and  the  surface  of  the  plat- 
form, which  space  is  exactly  ^  millimetre  m  d.^'^^^Xx. 


The   Hlood. 

The  drop  of  diluted  blood  H)ioiild  Ik;  placed  iii  tbe 
e  of  tlie  jilittforin,  and  shuulil  be  of  such 
ts-heti  the  cover  glusa  is  |>lai:ed  in  position  tlie 
is  Hdttened  out  Bo  as  to  cover  most  of  the  surface 
!  the  jilatfoi'ii),  hul  j/et  toil/uml  any  nf  it  flowing 
eilye  iiito  t/ie  trenc/i.  It  rtquirea  a  little 
■,e  to  enable  one  to  take  just  the  proper  size 
of  droi>.  It  ifl  important  that  the  cover  glass  should 
lie  quite  flat  upon  the  gloss  slab.  Tliia  can  best  be 
acliieved  by  previously  washing  both  it  and  tbe  slab 
with  caustic  putiish,  so  as  to  remove  all  grease,  itod  then 
rubbing  llipm  with  soft  chamois  leather.  The  cover 
must  he  lowered  into  position  by  means  of  a  needle. 
One  i-ecognises  that  the  cover  gluss  is  lying  properly 
by  the  ap|>eai'ance  of  concentric  colour  (Newtonian) 
riii^  between  it  and  the  slab.  Tbe  rings  should  be 
visible  when  the  cover  is  simply  '^("'7  on  the  slab 
without  liny  pressure  being  exerted.  The  rings  are 
bctt  seen  hy  looking  borizontiilly  along  the  surface  of 
the  cover.  If  they  are  not  visible  at  first,  gentle 
pressure  on  the  cover  glass  often  brings  tbeiu  out. 
Unless  the  rings  arn  seen,  one  cannot  lie  sni«  that 
the  space  lietween  the  cover  and  tho  platfoim  U 
exactly  V^;  millinieti'e  in  depth.  Having  pliiced  the 
diup  in  position,  and  the  rings  being  visible,  one 
should  sot  the  pif  paraiion  aside  for  five  minutes  or 
BO,  to  enable  the  corpuscles  to  settle.  It  should  then 
be  examined  with  the  low  jiower  to  see  whether  any 
air  bubbles  or  foreign  lioilies  are  present,  and  whether 
the  corpuscles  are  distributed  with  fiir  uniformity 
throughout  the  field,  after  which  the  high  power  is 
usoil  for  counting.  The  littio  sijuai-cs  will  be  seen  to 
be  marked  oil'  into  sets  of  sixteen  by  double  ruling 
(ri>;.  Gl).  Shoidd  the  lines  markbig  oft'tlio  squares  be 
only  dindy  seen,  it  may  be  necessary  to  intensify  tliMII. 
■  is  bi'st  done  by  rubbing  the  surface  of  lliu  pUt- 
mhito— a.<f. 
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Bcra|)iiig3  from  a  very  soft  lead  pencil — and  then 
[lolishing  ib  with  soft  chiimoia  leather.  If  the  micro- 
scope has  a  siibstoge  condenser  the  lilies  appear  raure 
clearly  if  it  is  racked  down  to  BOiiie  distaiice  beluw 
tlie  level  of  the  siagc 

For   eDiimerution    of  1 
theredcella,at leostthree  -j 
setB   of    sixteen   Kqnai 
should  be  counted.     The  ] 
squares  in  eitoh  set  should  *] 
be  gone  over  systematic- 
ally   in    liorizniital    rnwn 
of  four  at  a   time.      Of 
the   corpuscles   which   lie 
u/xnt  the  lines  bound  ng 
tlie  row,  only    those  on 
the  upiier  and  on  the  Iffc 

,        J  '■,.  ■       ,  ,      ■       Fig.  M.— MfcnKcoiitc  View  pfXIioiiis- 

band  lines  should  be  zei,t(»uiitin!;-.iiau3ii<»rhigdivi.i.>iii. 
counted. 

CalcHtation. — Count  the  corpuscles  in  each  of  the 
four  horizontal  rows  from  above  downwards.  The 
total  IB  the  number  of  corpuscles  in  sixteen  squares. 
Count  in  this  way  three  sets  of  sixteen,  and  divide 
the  total  by  forty-eight,  which  gives  the  average  of 
corpuscles  in  one  square.  But  the  dimensions  of 
this  square  are  -jj^  x  .ji^  ^  i.-a'^s  cubic  niilliuietre. 
Therefore,  if  there  be  x  corpuscles  in  this  dimension, 
,  there  will  bo  4,000  x  in  1  cmm.  But'the  blood  was 
diluted  200  (or  100)  times.  Therefore,  in  1  cmm. 
of  blood  there  will  be  4,000  x  x  200  (or  100)  cor. 

Sup|iose,  for  example,  that  one  finds  a  total  of 
288  corpuscles  in  the  forty-eight  squares.  This  gives 
an  avei-oge  of  six  corpuscles  per  square,  or  6  x  4.O00 
—■ue.  24,000  per  cmm.  of  //ilulcd  blood,  or  4,800,000 
per  cmm,  of  pure  blood,  if  the  dilution  ■«&»  one.  \n. 
two  hundred. 


Tut  itniOB. 

The  constant  error  in  tfae  Thoma-Zeisa  instrament 
is  lots  thiui  I  per  cent,  of  tiie  total  result.  The 
v&rinble  error  depends  apon  the  Dumber  of  corpnsclcs 
counted.  By  counting  200  corpuscles,  it  lunounts  to 
6  per  cent,  of  the  total ;  b;  counting  5,000  it  amounts 
to  only  1  per  cent.  To  count  the  whole  2-i6  aqnarea 
b^ee  aboat  lialf  an  hour.  This  osuall;  means 
counting  1,200-1,500  corpuacleB.  The  coefficient  of 
error  is  then  about  3  per  cent. 

2.  Ciiowera'  h^inorjrlonieter. 
The  instrument  cousists  of  a  capillary  tube 
graduated  for  5  cmm.,  and  a  pipette  graduated  for 
995  cmm.,  a  mixing  vessel  and  stirrer,  and  a  counting- 
Take  up  995  cmm.  of  diluting  fluid  (Appendix, 
17)  in  the  pipette,  and  transfer  it  to  the  mising 
veSHel.  Suck  up  5  cmm.  of  blood  in  the  capillary 
tul}e  and  gently  blow  it  into  the  above  quantity  of 
fluid.  Mix  the  two  very  thoroughly  by  rotating  the 
stirrer  between  the  linger  and  thumb.  The  blood  is 
now  diluted  in  the  proportion  of  1  in  200.  Transfer 
a  drop  of  the  mixture  to  the  centre  of  the  ruled  area 
on  the  counting-slide,  cover,  and  fix  the  cover  glass 
with  tlie  clips.  The  ruled  area  is  divided  into  squares 
of  ]'a  tnra.  square,  and  the  space  between  the  surface 
of  a  square  and  the  under  surface  of  the  cover  glass  is 
!  mm,  in  depth,  Count  the  corpuscles  in  ten  squares. 
Tho  result  multiplied  by  10,000  is  the  number  of  red 
celln  in  a  cubic  millimetre  of  undiluted  blood. 

The  normal  ntimbcr  or  red  corpuscles  is 
6,000.000  per  omm.  In  some  full-blooded  adults  this 
nuitilmruiaylmexeeeded.  In  females, even  in  health, 
It  ii  uminlly  rather  smaller  (about  4,500,000).  The 
blooij  of  niiwly-lmrn  children  souietimes  contains 
mcir«  than  5,000,000,  and  thnt  number  is  also  sur- 
passed in  COSTS  of  prolonged  cyanosis. 
H     TJieaiimber  is  rodiined  in  all  forma  of  a 
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In  chlorosis,  however,  the  number  of  oorpusoles  may 
be  normal, -or  nearly  so. 

EniimeratioD  of  leucocytes. 

A  special  pipette  is  supplied  for  this  purpose  with 
the  Thoma-Zeiss  instrument.  It  is  used  in  precisely 
the  same  manner  as  the  red-corpuscle  pipette,  but 
permits  of  a  lesser  degree  of  dilution  of  the  blood. 
The  best  diluting  fluid  to  employ  is  0-3  per  cent 
solution  of  acetic  acid,  to  which  enough  of  a  watery 
solution  of  methyl  green  has  been  added  to  give  the 
mixture  a  decided  green  colour.  The  advantage  of 
this  mixture  is  that  it  dissolves  all  the  red  cells  while 
it  stains  the  nuclei  of  the  white.  One  can  thus  easily 
count  the  whites,  and  at  the  same  time  note  the  rela- 
tive numbers  of  the  uni-  and  multi-partite  nucleated 
varieties. 

It  is  important  that  a  large  drop  of  blood  should 
be  allowed  to  exude  before  one  begins  to  fill  the 
pipette.  The  blood  should  be  sucked  up  to  the  mark 
0*5,  the  end  of  the  pipette  wiped,  and  diluting  fluid 
taken  up  to  the  mark  1 1. 

Owing  to  the  relatively  large  calibre  of  the 
pipette,  the  blood  is  apt  to  run  out  of  it.  It  is  well, 
therefore,  to  keep  the  pipette  in  a  horizontal  position 
80  soon  as  one  has  tilled  it  with  blood. 

The  blood  and  the  fluid  are  mixed  as  already 
described.  This  produces  a  dilution  of  1  in  20.  A 
drop  is  then  placed  on  the  counting-slide  with  the 
same  precautions  that  were  observed  in  the  case  of 
the  red  cells. 

In  this  case  the  whole  sixteen  sets  of  sixteen 
squares  should  be  counted,  or  256  squares  in  alL 
Instead  of  going  over  the  squares  in  rows  of  four,  a 
whole  set  of  sixteen  can  easily  be  counted  at  one  time. 
A  movable  stage  greatly  facilitates  the  enumeration. 

One  should  note  on  a  piece  of  paper  tVi^  t^ltd^oci 
of  leucocytes  with  muitipartite  and  wil^TOWXkidL^^isini^^ 


The  Blood. 

respectively  in  each  set  of  sixteen  squares.     In  tins 

wny  ofte  gets  a  rough  idea  of  the  pro[)ortioii  of  each 

varietj-  present,  and  by  adding  them    together    the 

total  number  of  white  corpuscles  is  obtained.     The 

caleulaCion  is  made  in  tiie  same  way  as  that  of  the  red 

<-or|)UScIes,  it  being  borne  in  mind  that  each  of  the 

256  squares  counted  represents  -j^'ng  cmm.  of  diluted 

blood,  and  thai  tl>e  dilution  is  much  lens  than  ]' 

kfei I ume ration  of  the  reds  (1  in  10,  or  1  in  20). 

rfixaniple,  if  there  bo  twenty-five  leucocytes  in  the  256 

fsquai'es,  this  represents  aji  avoraige  of  ^",  per  square, 

lor  5Vs  X  *.000  per  cmm.  of  diluted  blood,  or  7,813 

I  per  cmm.  of  pure  blood   if  the  dilution  is  1  ' 

I  This  is  about  the  normal  nuuil>er. 

In  leucocythffimia,  where  a  very  lai^e  ex 

L  leueocytes  is  present,  one  can  easily  count  tlie  red 

[■and  the  white  cells  in   the    same   drop.      For  this 

"  pur|]08e  a   3  per  cent,  solution  of  common   salt  just 

coloured  with  a  gentian  violet  is  to  be  preferred  for 

diluting  the  blood.      This  stains  the  nuclei  of   the 

whites,  and  at    the   same  time   preserves   the  reds. 

The  dilution  and  calculation  are  the  same  as  for  the 

In  most  cases,  however,  it  is  not  ea-sy  to  make  an 
accurate  estimtitioii  of  the  leucocytes  by  means  of  an 
ordinary  hremocytometer  such  hs  that  of  Oowera. 
Should  its  use  be  unavoidable,  it  will  be  found  that 
*he  easicbt  way  to  pick  out  the  white  corpuscles  froiu 
the  mass  of  r«ds  which  tends  to  conceal  them  ia  to 
raise  the  iiiicroscoj*  a  little  and  then  focus  slowly 
down  upon  the  held.  The  -white  corpuaclea,  beini 
highly  refi-at-'tile,  come  into  view  Brst  as  little  htigji 
spots,  and  ctin  thus  be  more  easily  euutuerated.  If 
I  Cowers'  instrument  is  used,  one  must  count  tbo 
ieucooytes  in  fifty  squares,  anil  niulti|'ly  the  Twnlt 
^  2,000.  This  gives  the  number  of  leucooytea  in 
[  ^n,  of  pure  blood. 
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The  number  of  leucocytes  in  normal  blood  is 
about  7,000  per  cmm.,  or  1  to  700  reds.  The  number 
varies,  however,  within  considerable  limits  even  in 
health.  The  normal  ])roportion  of  leucocytes  wjth 
divided  nuclei  to  those  with  rounded  nuclei  is  about 
2  to  1. 

A  physiological  leucocytosis,  in  whicli  the  small 
calls  with  rounded  nuclei  (lymphocytes)  are  both 
absolutely  and  relatively  increased,  occurs  in  infancy 
and  after  meals.  In  the  pathological  leucocytosis^ 
met  with  in  fevers  and  other  conditions,  the  increase 
afiects  chiefly  the  cells  witli  multipartite  nuclei,  and 
theise  may  come  to  be  ten  or  more  times  as  numerous 
as  the  others.  The  condition  of  the  leucocytes  in 
leitcocythcemia  will  be  referred  to  later. 

After  use,  the  diluting  pipettes  should  be 
thoroughly  cleaned.  A  little  trouble  in  this  is  repaid 
by  saving  of  time  and  annoyance  when  next  they 
come  to  be  used.  They  should  be  washed  out  (1) 
with  distilled  water,  (2)  with  absolute  alcohol,  and  (3) 
with  ether.  A  stream  of  air  should  then  be  blown 
through  till  one  is  sure  that  the  glass  ball  in  the 
chamber  moves  freely  without  tending  to  adhere  to 
the  sides.  To  save  time  in  these  manipulations,  the 
rubber  tube  may  be  taken  off  and  the  fluid  blown  out 
through  the  wide  end  of  the  pipette.  Coagulated 
blood  may  be  removed  from  the  capillary  tube  by 
means  of  a  horse-hair.  If  the  blood  adheres  firmly 
to  the  pipette,  it  may  be  removed  by  repeated  rinsing 
with  strong  alkali  or  acid,  or  it  may  even  require  to 
be  digested  away  with  pepsin. 

JCslininUon  of  blood  platelets. 

For  this  purpose  the  use  of  a  pipette  is  not  to  be 
recommended,  as  the  platelets  adhere  to  its  wall. 
One  also  requires  to  employ  a  diluting  fluid  of  a 
certain  degree  of  viscidity,  otherwise  the  platelets  are 
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apt   to  mn  into  groups.     The  best  method  of    pro* 
cediire  is  as  follows  : — 

Fince  unnn  a  elide  a  drop  of  a  luixttiTe  of  uqiial  paits  of 
glycerine  wbich  has  benn  Bntiirated  with  dahli^i  aoil  2  per  oent. 
B&lt  aolntian.  Vhe  use  of  Che  dahlia  ia  to  stHiii  Lhe  ^teleta, 
ToDch  Uie  drop  dI  )daod  with  this  mixtore  and  cover.    Count 


with  y^  teiu  in  a  iucoeuion  □(  flelda  (1)  the  platolats,  (2)  t   . 
Md  corpuacles.      Oondniie  until  400  of  the  latter  have  been 
■numerated,  and  estimate  the  pruportioa  of  platelets  to  nd 
DOTpiiicl  s.     Nonnnll}'  this  ahoiild  hu  aa   1 :  B(.       By  then 
making  an  catiniation  of  the  reds  in  the  ordiDary  way,  o 
arrivea  at  the  number  of  platalots  per  cmm.    Normally  thia 
about  fl40,0UU.     Variations  in  their  number  are  not  yet  of  any 
knom  clinical  significance- 
Two    precauliona   are    neceesary   in    making    the   above 
(1)   To  avoid  t^utnng  the  blood  out  of  tha 
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puncture,  and  (2)  to  reject  any  preparation  in  which  the 
platelets  are  found  to  have  run  together  into  dumpe. 

For  the  estimation  of  the  amount  of  haemoglobin 
one  has  the  choice  of  several  instruments : — 

(1)  Von  Fleischl's  hsemometer.* — (Fig.  65). 
The  instrument  consists  of  a  stage,  resembling  that  of 
a  microscope,  with  an  aperture  in  the  centre.  Into  this 
aperture  there  fits  a  short  cylinder  (g)  with  a  glass 
floor.  The  cylinder  is  divided  into  two  compart- 
ments (a  and  a')  by  a  vertical  partition.  Below  the 
stage  Uiere  is  a  frame  carrying  a  wedge-shaped  piece 
of  coloured  glass  (k),  which  lies  opposite  the  bottom 
of  one  half  of  the  cylinder,  and  can  be  moved  with  a 
screw  so  tliat  any  thickness  of  the  wedge  can  be 
brought  below  the  cylinder.  light  from  a  lamp 
(daylight  will  not  do)  is  reflected  into  the  bottom  of 
the  cylinder  by  means  of  a  white  disc  (s).  A  small 
capillary  tube  attached  to  a  wire  is  supplied  with  the 
instrument. 

Method  of  use.  Fill  one  compartment  {</)  about  a  quarter 
full  of  distilled  water.  See  that  the  capillary  tube  is  quite 
clean  and  dry.  To  ensure  this,  one  may,  if  necessary,  pass 
through  it  a  threaded  needle,  the  thread  being  soaked  in 
alcohoL  Prick  the  lobe  of  the  ear  and  insert  one  end  of  the 
tube  sideways  into  the  drop  of  blood.  The  tube  fills  itself,  and 
must  then  be  wiped  on  the  outside  so  that  no  blood  adheres  to 
it.  Plunge  the  tube  into  the  compartment  containing  distilled 
water  and  shake  it  about  by  means  of  the  wire  han£e  till  all 
the  blood  is  washed  out.  If  necessary,  one  may  aid  this  by 
forcing  water  through  the  tube  from  a  dropping  pipette.  The 
mixing  of  the  blood  with  the  distilled  water  may  be  cc^ipleted 
with  the  aid  of  the  wire  handle  of  the  tube,  care  being  taken 
that  no  blood  is  allowed  to  lurk  in  the  comers.  One  now  fills' 
up  the  rest  of  this  compartment  and  the  whole  of  the  other 
with  distilled  water  from  a  dropper.  All  daylight  is  now 
excluded,  and  then,  looking  down  upon  the  cylinder,  one  turns 
the  screw  until  a  sufficient  thickness  of  the  coloured  wedge  hsts 
been  brought  under  the  other  half  of  the  cylinder  to  match 
exactly  the  tint  of  the  blood.     One  then  reads  the  figure  on 

*  The  best  form   of   the   instrument  is   that  TCLO^a&QdL  \s3 
Hischer  and  made  by  Beichert. 
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w 


Tii£  Blood. 


^^_  Then 


tiio  soile  (r),  and  Ihis  gives  the  percentage  of  luemoglobin. 
The  inBtriiinont  is  eo  constructed  that  when  tho  bctcw  is  oppo- 
Hito  the  maik  100  n  Bufficiont  thicknees  of  the  (^olourel  -veaffi 
hua  been  intmJucel  to  match  exactly  the  colour  prodaced  in 
the  other  half  of  the  cylinder  bj  the  amount  of  blood  irhicb 
the  cupillarf  tabe  lakes  up,  provided  the  blood  conlainB  a 
Dornml  amount  of  bmiDOgluhin.  To  facilitate  accurate  match- 
ing of  the  two  halves  of  the  cylinder,  Ihe  following  precantiona 
are  neeeBsary  (Cabot) : — 

1.  Uae  very  little  light.  Thelesi  the  percenbige  of  hmmo- 
globin  the  teB>  li);ht  one  should  use. 

2.  Look  at  the  two  hulvea  of  the  cylinder  through  a  tubs 
lOKde  of  a  roll  of  black  paper. 

3.  Do  not  sit  oppoaite  the  light  as  one  does  \Thon  uaing  a 
microFcope,  but  sit  at  one  side  oC  the  inBtrimioot,  The  liirht 
{ram  tbe  two  halves  oE  the  cylinder  then  faUa  on  the  right  and 
left  halves  of  the  retina,  not  on  its  upper  and  lower  parts,  ths 
sensitivenesa  of  which  !o  colours  is  unequal. 

4.  Use  one  eye,  and  only  look  for  a  very  few  eemnda  at  a 
time,  since  the  colour  aenao  soon  gets  fatigued. 

6.  Hove  the  screw  with  short,  quick  turns,  not  graduaUj. 
Sudden  ohnngea  in  tint  are  more  easily  appreciated  than  tho*a 
brought  about  graduelty. 

(2)  Gowers'  bwrnoglobiiio meter.  —  Place  a 
couple  of  drops  or  so  of  distilled  water  in  the  little 
gruduated  teat  tube  supplieil  with  the  inatruraent.  Get 
a  lAi'ge  drop  of  blood  from  the  car,  and  fill  the  pipette 
with  it  up  to  the  mark.  Then  dip  the  end  of  the 
pipette  into  the  distiJleJ  water  in  the  tube  and  gently 
blow  out  the  contained  blood.  Mix  and  goon  adding 
water  drop  by  drop,  comparing  the  colour  from  time  to 
time  with  that  of  the  standai'd  tube.  The  latter  ia 
filled  with  tinted  gelatine,  and  represents  the  colour  of 
Ijlowl  which  contains  a  normal  amount  of  haemoglobin 
when  diluted  in  the  ])ro|)ortions  effected  by  the  instra- 
meiit.  The  comparison  should  be  made  both  by  trana- 
mitt«d  light,  care  being  taken  to  hold  both  tubiea  level 
with  the  eye,  and  also  by  reflected  light,  the  tubes 
being  hold  side  by  side  against  a  sheet  of  pnjHif, 
Goixl  daylight  is  inilispcnaiible.  Stop  adding  wat«F 
Then  the  tint  in  the  two  is  the  same,  and  read  off  thv 


EsTIMA  T. 


■    H'KMOGLOBIN. 


level  at  wliich  the  mixture  stands  in  the  graduated 
tube.  If  tliis  be  at  {a«y)  60,  tlien  the  blood  contains 
60  pel'  cent,  of  hieinoglobiii  The  trieaii  of  the  dilution 
whk'h  is  just  too  much  aii.l  thiit  wliloh  is  juat  too 
little  is    ■ 


^ 


(3)  llnldianc's    liipuioglobjuomrlci'.—  Ha!- 

d'in6  hug  luodifii'd  Oowers'  insti'umeiit  by  using  us  a 
standard  of  comparison,  icistead  of  gelatine  tinted 
with  picrocarniirp,  a  1  per  cent,  solution  of  blootl 
coutaiiiiiij,'  tlje  a\<jrRge  peruentage  of  hwuioglobiti 
Iggnd  ill  tbe  blood  of  healthy  men,  and  saturated  with 
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carbonic  oxide.  It  has  an  oxygen  capacity  of  18'B 
per  cent,  as  determined  by  the  ferricyanide  method, 
and  is  both  definite  and  permanent. 

The  instruinent  is  shown  in  Fig.  66.  It  ia  used  aa 
follows  :— 

Sufficient  wbIbt  ia  first  plpiued  io  iha  graduatBd  tube  to 
dilute  the  blocid  as  far  as  safely  possible.  A  punotnre  ia  tben 
niKdu  in  a  Gri^r  or  the  lobe  of  an  ear,  and  the  capillary  pipette 
(which  must  be  clean  and  dry }  at  onue  filled  to  a  little  beyond 
the  iiinrk  20  from  the  drop  of  blood  obt^ned.  The  point  of  the 
pipette  ia  wiped,  and  dabbed  on  any  conveoient  surface  until 
the  contained  blood  etondg  exactly  at  the  msFb.  The  blood  ia 
then  gently  blown  out  into  the  L;raduated  tube,  where  it  aiuka ; 
the  pipette  is  rinaod  with  the  wuter  in  the  j^raduuted  tuba  and 
with<uawn.  The  piece  of  rubber  tube  attached  to  a  guB  biuner 
ia  now  inlTodnced  into  the  graduated  tube  to  near  the  level  of 
the  water,  and  gas  allowed  to  paaa  for  a  few  seconda.  Aathe 
tabe  is  withdrawn  (with  the  ^aa  Htill  pasaing)  the  end  ia  closed 
with  LheforeBnger,  and  the  liquid  made  to  pflBB  np  and  dawn 
in  the  tube — not  violently  abaken — at  leaat  a  dozen  times,  so 
89  to  raturate  the  ha^mogiobin  with  CO.  During  this  mnnipa 
Litiou  the  lube  is  held  in  a  hiuidkerohief,  otherwiae  it  will 
beoome  healed  and  hquidwiU  spurt  out  when  the  Bnger  is  with- 
drawn. Water  ia  now  added  drop  by  drop  with  the  pipetta 
rtopper,  the  tube  after  each  addition  lieing  inverted,  until  the 
point  is  reached  at  which  the  tints  of  the  hquida  in  the  two 
tube"  are  just  eqaal.  In  judging  of  the  eqnality  the  tubas 
Bbonld  be  held  againat  the  light  from  the  sk^,  or,  if  artificial 
hght  be  used,  from  an  opal  glaaa  ahade.  It  is  also  absolutely 
iie<'faaary  to  transpoae  the  tubea  repeatedly  ;  othcrwiBe  seriou 
errors  may  arise.  The  level  ie  read  aS  on  tiie  graduated  tube 
aftiT  half  a  minuto  has  elupscd  since  the  laat  drop  added  waa 
ipiiod  with  the  rest  of  the  liquid  by  inverting  the  tube.  The 
oba-^rvntion  is  repeated  after  the  addition  of  another  drop  of 
water,  and  it  ni  cessary  another,  until  the  point  ia  reached 
when  the  tinta  are  again  unequal  The  true  result  ia  the  mean 
of  the  readings  givinf;  equality.  The  error  in  any  single 
determination  ought  not  to  exceed  I  pet  cent. 

The  result  obtained  ia  the  peroentag'e  HOtnoUy  preaent  of 
the  average  proportion  of  ha^moKiobin  in  the  blood  of  healthy 
adult   mi-n.    The  blood   of  healthy  uien.  however,  containa 

hii'moglobin  on  an  avoruge  th'in  the  blood  of  healthy 

n  or  children.  Women  give  an  nvenige  of  39  par  cent, 
aBdebildren  ot  87  per  cent,  ol  (he  proportion  io  m'-n.    7%a 
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results  may  be  expressed  in  terms  of  oxygen  capacity  (the 
number  of  volumes  of  oxygen  taken  up  in  combination  from 
air  by  100  volumes  of  blood)  if  it  be  borne  in  mind  that  100 
per  cent,  on  the  scale  corresponds  to  an  oxygen  capacity 
of  18-5. 

The  advantages  of  the  modifications  intrudiiced  into  the 
original  method  of  Gowers  are :  (1)  that  the  standard  solution 
is  a  definite  one,  so  that  an  instrument  can  be  verified  at  any 
time  by  making  a  determination  with  ox-blood  of  which  the 
oxygen  capacity  has  been  determined  by  the  ferricyanide 
method ;  (2)  that  the  standard  solution  is  permanent ;  (3)  that 
the  apfa*  atus  can  be  used  with  equal  correctness  by  daylight 
and  artificial  lighl* 

(4)  Oliver's  Heemogloblnometer  (Fig.  67). 
— The  apparatus  adopted  by  Dr.  Oliver  is  founded  on 
the  colorimetric  principle.      But  the  applications  of 

that  principle  are  modified  in  the  following  ways : — 

(1)  Double  transmission  of  light  (or  reflected  light)  is  used 
instead  of  single  transmission. 

(2)  A  standard  white  background  is  selected  on  which  the 
solution  of  the  blood  and  the  standard  colours  rest. 

(3)  The  standard  is  presented  as  a  series  of  definite 
gradations. 

(4)  'llie  colour  of  the  blood  solution  is  compared  with  that 
of  the  standard  in  camera. 

The  apparatus  consists  of  an  automatic  blood  measurer,  a 
mixing  pipette,  the  blood  cell  and  cover  glaBs,  the  sets  of 
standard  gradations,  the  riders,  the  camera  tube,  the  light,  a 
bottle  of  antiseptic  fiuid,  the  lancet,  needles  and  thread. 

/  he  automatic  blood  measurer  (c)  has  a  capacity  of  6  cmm. 
and  fills  readily  by  capillary  attraction.  The  handle  is  useful 
for  stirring  together  the  blood  and  water  in  the  blood  cell. 

The  mixing  pipette  {d)  is  provided  with  a  rubber  nozzle 
which  fits  over  the  polished  end  of  the  blood  measurer  and 
ensures  the  complete  rinsing  out  of  the  blood  with  the  first  few 
drops  of  water. 

The  blood  cell  (e)  is  of  more  than  sufficient  capacity  to  ensure 

♦  If  the  capillary  pipette  becomes  blocked  or  soiled  by 
coagulated  fibnn,  use  uie  brass  wire  in  the  case  from  the  wide 
end  of  the  pipette,  or  a  horse-tail  hair,  to  remove  it.  (On  no 
account  use  iron  or  steel  wire.)  To  dry  the  pipette,  suck  air 
through  it.  Always  examine  the  pointed  end  of  the  pipette 
before  using  it;  it  should  be  smooth  and  rounded,  ii.  ^S^aAX^  ^x 
angular  it  ii  broken. 
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the  complutd  liberation  of  the  haBmoglobin.  It  yields  a  blood 
solution  of  rather  less  than  1  per  cent,  when  filled  level  with 
the  rim.  It  is  itself  the  measure  of  the  amount  of  water  to  be 
added,  and  it  is  quite  easy  to  fill  it  accurately. 

The  standard  gradations  (a)  are  arranged  as  circular  discs  in 
two  slabs — six  in  each;  and  they  represent  the  divisions  of  10 
degrees  of  the  scale  from  10  to  120  inclusive. 

The  riders  are  small  squares  of  tinted  glass  provided  for  the 
reading  of  the  degrees  intervening  between  each  of  the  standard 
gradations. 

The  daylight  standard  is  less  adapted  to  the  finer  readings 
than  the  candle-light  one,  because  the  value  of  each  rider  when 
used  with  it  is  doubled,  i.e.  number  one  rider  becoming  equal 
to  two  degrees  in  the  upper  half  of  the  scale  and  four  degrees 
in  the  lower  half;  therefore  the  candle-light  standard  is  pre- 
ferable for  such'  readings ;  and  when  it  is  used  each  rider  has 
an  equivalent  value  in  the  six  stronger  grades  =  1  degree,  and 
a  double  value  in  the  six  weaker  grades =2  degrees. 

The  light. — For  observation  by  artificial  light  it  has  been 
found  that  the  small-sized  wax  candles  known  as  Christmas 
candhs  are  the  most  satisfactory  in  affording  the  most  suitable 
in'ensity  of  light,  and  one,  moreover,  which  is  sufficiently 
uniform. 

How  to  make  an  ohseu'vation, — The  bore  of  the  blood- 
measurer  is  first  of  all  dried  out  by  passing  through  it  a 
needle  threaded  with  darning  cotton,  and  then  the  polished 
point  is  pre*  euted  to  the  drop  of  blood.  Care  must  be  taken 
to  see  that  the  pipette  is  r<  ally  quite  filled,  and,  if  it  has  been 
necessary  to  re-apply  it  to  the  drop,  it  should  be  observed 
whether  there  is  a  break  in  the  column  of  blood.  The  rubber 
nozzle  of  the  mixing  pipette,  charged  with  water,  is  adjusted 
over  the  polished  end  of  the  pipette,  and  the  blood  is  washed 
into  the  blood-cell  by  pressing  through  the  water  drop  by 
drop.  The  handle  of  the  pipette  is  then  used  as  a  stirrer,  and 
the  further  additions  of  water  are  made  to  impinge  on  it,  for 
it  serves  to  graduate  the  size  of  the  drops  required  to  accurately 
fill  the  cell.  A  final  thorough  mixing  with  the  handle  will 
be  required,  and  perhaps  another  slight  addition  of  water  may 
be  necessary  to  secure  a  level  filling.  The  cover  glass  is  then 
adjusted,  when  a  small  bubble  should  form,  a  sure  sign  that 
the  cell  has  not  been  overfilled.  The  blood  cell  is  then  placed 
by  the  side  of  the  standard  gradations,  and  the  eye  quickly 
recognises  its  approximate  position  on  the  scale.  Then  the 
camera  tube  will  more  accurately  define  it.  If  it  is  found  that 
the  blood  solution  is  matched  in  depth  of  colour  by  oiift  ol  XJs^^ 
standard  grades,  the  observation  is  at  an.  end,  "^mXi  \^  ^^  '^'^ 
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riders  are  added  to  complete  the  ei 

In  all  tintomotrio  obBerrationB  tiike  a  stniidird  ti 
looking  down  the  camera  tube  [a  ten-seconda  oliaervatiQn  i 

One  can  also  state  the  pereenta^e  of  hremoglobin  in 
terma  of  the  amount  contained  ill  each  corpuscle.  Thus, 
if  the  number  of  red  celia  be  20  per  cent,  of  t' 
normal  and  the  hnmogtobin  10  per  cent.,  then  the 
bfemoglobin  value  of  each  corpuscle  is  ^  or  ^  normal. 
The  importiince  of  this  method  of  expressing  tbe  facts 
is  seen  when  one  recollects  that  the  total  amount  of 
htemoglobin  in  the  blood  may  be  diminished  vhilo 
the  amount  in  each  corpuscle  ia  really  above  the 
normal.     This  happens  in  some  forms  of  a 

The  last  point  to  be  remembered  in  making  all 
blood  estimntions  is  that,  as  far  as  possible,  all  observH- 
tion  on  the  same  indi^'ldual  should  be  carried  out 
under  the  same  conditions  as  regarde  time  of  day, 
taking  of  food,  etc.  This  is  important,  as  it  is  found 
that  the  composition  of  the  blood  is  temporarily  altered 
by  the  taking  of  food,  or  by  the  occurrence  of  profus 
sweating,  diarrhcea,  etc 

MicEoacopiOAL  Examination  of  Blood. 

Blood  may  be  examined  (1)  fresh,  (2)  fixed  but 
unstained,  (3)  stained. 

1.  BlootI  csnmincd  frcsli— A  drop  of  blood 

is  transferred  from  the  ear  to  a  slide,  covered,  ringed 
with  vaseline,  and  examined  at  once. 

In  the  case  of  normal  blood,  the  red  corpuscles 
will  be  observed  to  arrange  themselves  in  rouleaus 
KB  one  walchex,  clear  Bpiices  being  left  between  in 
which  the  white  cells  and  little  clumps  of  aggregated 
platelets  may  be  aeeiL  Any  abnormality  i 
ehajw  of  the  red  cells  or  in  the  formation  of  rouleaox 
~'*      '"  ■  -      •^-'      Qqq  ctm  also  see  if  any  large  exeeoB 
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of    white  corpuscles   u    present.      TLe  1 
abcormal  elementa  should  be  noted.      AinoDg  these 
are   abnormal  varieties   of   white  cells,    more  easily 

cognised,  however,  in  staincxl  specimens. 

I  The  best  method  of  stiiining  preparations  of  fresh 


blood  is  to  dilute  the  drop  with  an  equal  quantity  of 
J  per  cent,  salt  solution,  to  which  a  little  metjiyl 
violet  has  been  added.  This  atains  the  nuclei  of  the 
Mytea  and  the  blood  plates.  It  also  brings  oat 
Bleated  red  corpuscles  if  these  are  present 
I  Souietiuies  particles  of  pigment  can  he  noticed 
it  the  corpuscles.     This  is  the  coi;ui\^ui&  V^on'wa. 


w 


T//E  Blood. 


AS  mclRnfemini    It  is  found  occasionally  in  cliromc 
niHl.iria. 

Tlie  spirillum  of  rebpsing  fevi:r  can  be 
recognised  by  this  method,  and  also  tlie  niariie 
ttunKulnis  liominis.  The  latter  oun  be  ecen, 
with  a  low  power,  moving  aliout  among  the  red  cella. 


lu-y  average  about  ,'j  in.  in  length,  and  are  about 
I  broad  aa  a  red  bloud  corpuscle  (Pigs,  68,  69). 
Tliey  remain  alive  for  a  surprisingly  long  time  even 
at  ordinary  temperalui^s,  especially  if  the  pre- 
paration is  kept  fiom  drying  by  being  sealed  with 
a  little  vaseline.  The  following  is  tlie  Tnethod 
recommended    by  Manaon  as  best  suited   for    their 
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Sijread  out  a  thick  drop  of  blood  on  a  slide  by 
mearis  of  a  needle,  and  allow  it  to  dry.  It  may  then 
be  preserved  indefinitely.  When  the  parasites  are 
to  be  demonstrated,  immerse  the  slide  in  a  solution 
of  one  dix)p  of  saturated  alcoholic  fuchsin  in  1  oz.  of 
water.  Stain  in  this  for  one  or  two  hours.  If,  on 
examining  the  film,  it  is  found  that  the  blood  is 
very  deeply  stained,  one  must  decolorise  by  means 
of  dilute  acetic  acid  (four  drops  of  acetic  acid  to 
1  oz.  of  water).  The  specimen  may  be  examined 
either  wet  or  dry,  and  with  or  without  a  cover. 
On  searching  it  with  a  low  power,  the  tilarise  will 
be  recognised  by  their  being  very  deeply  stained. 
The  preparation  is  apt  to  fade  after  a  few  days. 

A  more  rapid  result  is  obtained  by  staining  the 
film  for  half  a  minute  in  a  2  per  cent,  solution  of 
methylene  blue.  It  is  then  decolorised  a  little  with 
dilute  acetic  acid  as  above  described,  and  examined 
with  a  low  power  while  wet.  If  a  permanent 
preparation  is  desired,  the  film  is  allowed  to  dry  and 
a  drop  of  balsam  and  a  cover  glass  applied. 

2.  Blood  cells  fixed  but  unstained. — 
This  is  the  best  method  for  studying  changes  of 
shape  and  size  in  the  cells ;  2  per  cent,  osmic  acid  is 
the  most  useful  fixative.  Place  a  drop  of  it  on 
the  finger  or  lobe  of  the  ear,  and  prick  the  skin 
through  it.  The  blood  is  fixed  as  soon  as  it  exudes, 
and  the  mixed  drop  may  be  examined  immediately. 
The  addition  of  a  little  methyl  green  to  the  osmic 
acid  helps  to  bring  out  the  nuclei  of  the  leucocytes. 
Permanent  preparations  may  be  obtained  by  running 
in  a  drop  of  glycerine  under  the  cover  glass. 

This  method  shows  very  well  the  blood  plates 
and  the  size  and  shape  of  the  red  corpuscles.  Nor- 
mally, of  course,  the  latter  are  all  disc-shaped  and 
practically  uniform  in  size.  In  some  diseased  ccax- 
ditions,  however,  this  ceases  to  \io\d  g;(>o^.     ^\sml^ 
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there  may  be  a  number  of  red  oorpusclea  present 
whir^i  are  decidedly  amaller  than  normat  (microcytes), 
whiint  others,  a^in,  may  be  considerably  above  the 
average  size  (megalocytes).  Or,  the  red  corpuscles 
may  be  distorted — apintlle-ahaped,  indented,  budded, 
etc.  ThisisknQwnasjJoiWoci/foais.  It iaapttooccurin 
some  forms  nf  amemia,  especially  in  pemiciona  aoEemia. 

3.  Examinalion  of  blood  in  films. — 
Films  may  be  made  either  on  slides  or  on  cover 
glasses.  The  former  have  the  advantage  of  being 
more  easily  manipulated,  but  cover  glasses  give  the 
best  results.  The  slides  should  be  of  colourless  glaas, 
thin,  and  with  ground  edges.  The  cover  glasses 
should  be  f  of  an  inch  square,  and  as  thin  and 
flexible  as  possible.  It  is  important  that  both  slides 
and  cover  glasses  should  be  entirely  free  from  grease. 
To  ensure  this  they  should  be  dropped  one  by  one 
into  an  enamelled  iron  dish  containing  10  per  cent, 
chromic  acid  and  boiled  for  20  minutes.  They  should 
then  be  tipped  into  a  shallow  basin,  and  water  allowed 
to  run  on  them  till  the  washings  are  colourless.  After 
this  they  are  covered  with  spirit  and  finally  trans- 
ferred with  forceps  to  a  wide-necked  stoppered  bottle 
containing  absolute  alcohol.  When  required  for  uae 
they  should  be  picked  out  with  forceps,  excess  of 
alcohol  drained  off,  and  the  remainder  got  rid  of  by 
passing  through  a  flame.  They  should  finally  be 
rubbed  with  a  clean  handkerchief 

If  ordinary  slides  or  cover  slips  have  to  be 
cleaned  in  a  hurry,  glacial  acetic  acid,  followed  by 
water  and  alcohol,  gives  good  results. 

How  to  make  aims. — (1)  On  cover  dipt. 
The  surface  of  the  cover  slips  must  on  no  account  be 
touched  by  tlie  fingers.  They  may  be  held  by  their 
corners  )'etween  the  thumb,  middle,  and  index  fingers, 
but  it  is  preferable  to  uni?  forceps — a  clamp  forci'ps  for 
the  lower  oover  aiip  and  a  fine-pointed  foroepa  tor^ 
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upper.  Glean,  dry,  and  prick  the  lobe  of  the  ear; 
wipe  away  the  first  drop  of  blood,  and  when  another 
about  the  size  of  a  large  pin's  head  has  appeared 
touch  its  apex  with  the  upper  cover  slip  and  lightly 
drop  it  on  to  the  surface  of  the  lower.  Wait  a 
second  till  the  drop  has  had  time  to  spread  itself  out, 

and  then  slide  the  two  slips  apart, 
avoiding  any  pressure  or  lifting. 
The  lower  slip  will  usually  be  found 
to  have  the  better  film  on  it. 


or  BLOOD 


RILM     Or'BLOOD 


SLIDE 


ng.  70.— Diagram  showing  method  of  making  a  blood  film  by  means  o 

two  slides. 


(2)  On  slides.  If  one  of  the  slides  has  a  smooth, 
round  edge  it  may  be  used  to  **  plane  out "  the  drop 
of  blood  upon  the  other,  as  shown  in  Fig.  70. 

Better  residts  are  obtained  by  the  use  of  gutta- 
percha tissue,  or  cigarette  paper. 

Take  a  piece  of  sTnooth  gutta-percha  tissue  about 
2  inches  long  and  1  inch  broad.  Fold  it  slightly 
along  its  long  axis  so  that  one  side  becomes  somewhat 
convex.  Pass  one  end  of  the  convex  surface  lightly 
across  the  top  of  the  drop  of  blood,  and  immediately 
lay  it  flat  on  the  slide  near  one  end.  When  the 
drop  has  spread  itself  out  draw  the  gutta-percha 
tissue  flatly  along  the  surface  of  the  slide.  If 
cigarette  paper*  is  used,  cut  strips  across  its   long 

•  The  "  Tarlene  "or  "  Zig-zag  "  papers  ate  ^ifes^..    Ox^Mkaxr^ 
glazed  notepaper  will  also  do,  but  cigarette  papet  Sb-^tqI^xqW^ 


i 
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"axis,  each  about  half  an  incli  ln-oad,  ainl  na  long 
tLe  paper  is  wide  (Fig.  71).  Pass  the  edge 
of  the  strip  aei-oas  tlie  siiraniit  of  tlie  drop  of  lilood, 
lay  it  on  the  slide,  and,  wlien  the  drop  has  spi-eail, 
draw  it  along.     Use  a  fresh  strip  for  each  slide. 

FixntiOD  of  the  film. — FiItds  may  be  fixed 
either  while  still  wet  or  after  drying.  The  former 
method  has  the  advantage  of  fixing  tlia  leacocytes 
te  their  natural  shape,  and  not  flattened  out  as  they 


BLOOD 


Jl.-CtiHretW  pupor  lirerBrsl  f"r  innkiiig  Wuud   liliiih.     {Ajlcr 

)  apt  to  bo  Id  dried  films,  and  is  also  laettef  for 

showing  up  details  of  nuclear  atnicture ;  on  the  other 

hand,  the  dry  method  is  rather  more  convenient. 

'  (1)  The  best  method   of  lixing  films  whilst  still 

[  wet    is   that    proposed    by    Gidland.     lie    uses  thw 

'  following  fluid  : — 

Saturated  Bolatiou  of  eoain  in  abso- 
lute alcohol  ...  ...  ...     25  oc. 

Pure  ether  ...  ...  ...  ...     25  00. 

Solution  of  corrosive  sublimale   in 

iibsolutealeoho]{3grm8.in  10  cc.)     5  drop'^. 

■1  a  flat  dish,  nnd  | 
it  «ide  downwanlw  I . 
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Films  on  slides  may  be  plunged  into  a  wide- 
necked  bottle  containing  the  fluid.  Fixation  is 
comj)lete  in  three  minutes,  but  it  does  no  harm  to 
leave  the  films  for  even  24  hours.  Wash  thoroughly 
in  water,  stain  for  a  minute  in  saturated  watery 
methylene  blue,  wash,  and  dehydrate  with  absolute 
alcohol,  clear  in  xylol,  and  mount  in  xylol  balsam. 

Red  corpuscles  are  stained  pink,  all  nuclei  deep 


Fig.  72.— Ck>pper  plate  for  fixing  blood  films  by  heat 


blue,  the  blood-plates  a  fainter  blue.  The  bodies 
of  the  leucocytes  are  in  various  shades  of  pink, 
the  eosinophil  and  basophil  granules  being  well 
brought  out.     Organisms  are  also  well  stained. 

Pus,  sputum,  etc.,  may  also  be  examined  by  the 
above  method,  but  the  fixation  time  for  these  should 
bo  longer. 

(2)  Dry  methods. — ^Properly  made  films  should 
dry   in  a  few   seconds  after  they   are   m^^e.    '^V^ 


prooeas  may  be  liivsti'iiud  by  wavmc;  them  about  in 
the  air.  They  may  then  be  fixed  by  one  or  oibei- 
of  the  lullowiug  niijihoilH  : — 

(a)  Heat. — Otiu  may  uBe  a  copper  plate,  one 
enil  of  which  is  heated  by  a  lamp  or  Bunsen.  After 
about  a  quarter  of  an  hour  the  temperature  of  the 
plate  is  unifi)i-iD,  and  by  dropping  on  wat«r  one 
can  Hod  tlie  point  at  which  it  boils  briskly,  which 
will  be  100-110°  0.  Lay  the  filrae  face  dowuwafds 
at  thia  poiut  and  leave  them  for  10  minutt's.  A 
convenient  form  of  the  apparatus  is  libuwu  iu  Fig. 
73.* 

If  a  small  oopper  oven  ia  obtainable  it  is  preferable 
to  the  abore  arrangement.'f' 

For  ordinary  stains  an  exposure  of  two  minutes  to 
a  temperature  of  llO'C.  is  sufficient,  but  if  odh  deuires 
t<<  bring  out  the  granules  very  clearly,  as  in  using 
the  triacid  stain,  an  exposure  of  at  least  ten  minutes 
is  iitcesaary.  Preparations  which  have  been  over- 
heated fail  to  stain  well,  whilst  in  those  which  have 
bi'eii  insuiliciently  heated  the  staining  is  apt  to  be 
difi'use  and,  if  triacid  is  used,  in  the  tone  of  the  acid 
fuchsin. 

(6)  Chemioal  Ficcalivea.  Of  these  there  are 
Beveral.     The  moat  convenient  are  : — 

Forvtol  Vapour.  An  expoeure  of  ten  minutes  is 
sufficient. 

AbmlaU  Aleohol  and  Ether,  Equal  parts,  for 
two  hours. 

formal  and  Aleohol.  Various  strengths  have 
been  proposed,  but  a  mixture  of  10  parts  of  formol 
to  90  of  absolute  alcohol  will  be  found  to  answer 
very  well  (Giilland).  The  dry  films  are  Uoated  in 
'*  "s  tor  three  to  live  minutes,  though  a  slightly  longer 

•  To  be  obtuined  from  M«wr*  Wataon,  HiRh  Holbora,  W.G, 
t  Tlie  best  torm  ia  a  uiudiliuil  Vktor  Mevar'a  aji^watui,  wltll 
a^«/AUDi>iisfo-oi>pjisr  and  bnttud  by  tolwtl. 
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exposure  does  no  harm.  Slides  may  be  plunged  into 
a  wide-necked  bottle  containing  the  mixture.  Wash 
in  tap  water.  Stain  (see  below),  wash  again,  dry 
and  mount. 

Hoiv  10  stain  the  film.— No  single  method 
of  staining  is  sufficient  for  all  purposes.  For  all- 
round  work  a  combination  of  methylene  blue  and 
eosin  is  perhaps  best,  but  logwood  and  eosin  give  a 
very  good  general  impression  of  a  film,  whilst  for 
finer  work  the  triacid  is  the  best  mixture. 

(a)  Logwood  cmd  eosin.  Films  fixed  by  any  of 
the  above  methods  should  be  stained  in  Meyer's 
hsemalum  or  in  Delafield*s  hseraatoxylin  for  about 
one  minute,  washed  in  tap  water  and  counter-stained 
for  a  moment  with  saturated  watery  or  a  strong 
solution  of  alcoholic  eosin,  washed,  dried,  and  mounted 
in  balsam. 

(b)  Methylene  blue  and  eosin.  Any  of  the  above 
methods  of  fixation  may  be  employed,  but  formol 
vapour  or  formol-alcohol  are  the  most  convenient. 
Itis  well  to  remember  that  eosin  discharges  methylene  ■ 
blue  much  better  than  the  last-named  does  the 
former.  Stain  in  strong  watery  or  alcoholic  eosin 
till  the  film  is  bright  pink.  Wash,  counter-stain 
with  saturated  watery  methylene  blue,  controlling 
the  depth  of  staining  under  the  low  power  of  the 
microscope.*  (Half  a  minute  is  usually  long  enough.) 
Wash  in  water,  dry  and  mount  in  xylol-balsam. 

(c)  Triacid  stain  (Appendix,  25)  The  best 
resulte  are  obtained  in  films  fixed  by  heat,  or  formol- 
alcohoL  Stain  for  from  one  to  five  minutes.  (The 
exact  time  required  varies  in  different  films.)  Wash 
in  distUUd  water,  dry,  and  mount. 

Special  nietliodjs.  Of  these  the  following  may 
be  briefly  described  : — 

*  If  oyer-stained  with  methylene  blue,  dip  lot  ti  moxixQv^.  ^3). 
I  per  cent,  aoetio  acid  and  wasb  in  wikt^i, 

P 
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Jenner's  metliod*     Tlie  stivint  consists  o£  a  J  per 

i  cent,  solution  of  a  a[iecittlly  prepared  ctystallin 

pound  of  methylene  blue  and  eosin  in  pure  methyl 

alcohol.      Films  are  made  aa  cover  alipa  in  the  usual 

way.     So  soon  as  they  are  dry  ft  few  dixjps  of  the 

soIiitioQ  are  poured  on,  and  tlicy  are  covered  with 

watch  glasses  to  prevent  evaporation  and  precipitation 

of  the  Btain.    Pour  off  in  one  to  three  minutes,  r' 

t'distilled  water  till  pink.     (This  takes  5-10  Eeconds.) 

r  Dry  rapidly  high  over  a  flame  or  by  waving  i 

Mount  in  xylol-balsara.  If  tap  water  ia  used 
I\for  washing,  dip  the  film  in  it  for  a  moment  only, 
■  And    dry    between    blotting    paper  or   Itigh  over  a 

I  successful  film  the  red  corpuscles  are  terra- 
cotta coloui-ed  ;  nuclei  are  blue,  platelets  mauve,  the 
granules  of  poljnuclear  cells  and  myelocytea  'red, 
mast  cells  dark  violet,  bactena,  Alanal  and  malaria 
parasites  blue.  If  washed  in  lap  water  the  red 
colour  ia  more  pronounced,  the  n\iclei  of  the  white 
corpuscles  are  pale,  and  the  dark  blue  of  the  bodies 
of  the  lymphocytes  standa  out  in  contrast  to  th» 
now  pale  nuclei. 

This  method  is  rapid  and  convenient,  but  in  the 

authors'  hands,  at  least,  the  resulta    have  not  been 

quite  constant,  and  the  solution  does  not  keep  well 

•  unless  very  carefully  corked. 

I         MickaelW  method.'^     In  this  method  the  neutral 

'  compound  formed  by  the  uniou  of  methylene  blue  and 

eosin  ia  kept  in  solution  by  acetone.     The  following 

solutions  are  I'eqiiii-ed : — 

(1)  A  one  per  cent,  watery  solution  of  ciyatalliBed 

■  ZmiubI,  February  llth,  1899. 


^^^X^^^k.  (Terniubeilage,  No.  27]i IW 
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methylene  blue  (free  from  zinc  chloride;,  20  grms. ; 
absolute  alcohol,  20  grms.     Mix. 

(2)  A  one  per  cent,  watery  solution  of  eosin, 
12 grms.;  acetone,  28  grms.     Mix. 

The  solutions  are  kept  separately,  and  when 
required  1  cc.  of  each  is  mixed  and  the  film  floated  on 
it  face  downwards.  At  first  they  become  blue,  but 
gradually  this  gives  place  to  a  reddish  tint.  This 
change  must  be  watched  for  by  taking  out  the  film 
for  a  second  from  time  to  time  and  looking  at  it  by 
transmitted  light.  The  moment  the  pink  tint  has 
appeared,  wash  in  distilled  watef^  for  if  the  process  is 
allowed  to  go  on  the  nuclei  will  become  decolorised 
again.  From  fifteen  seconds  to  five  minutes  at  most 
will  be  the  time  required,  but  the  exact  period  varies 
in  different  films. 

Michaelis  uses  absolute  alcohol  (^24  hours)  as 
his  fixative,  but  good  results  are  also  obtained  with 
films  fixed  by  a  short  exposure  to  heat.* 

This  method  is  very  rapid,  and  we  have  obtained 
some  beautiful  results  with  it,  but  the  eosin  solution 
requires  to  be  freshly  prepared  at  intervals  of  a  few 
days,  or  it  loses  its  power.  Care  also  must  be  taken 
that  the  acetone  is  perfectly  neutraL  If  these 
precautions  are  observed  it  is  one  of  the  best  of  all 
methods  for  clinical  work. 

JBxamination  of  the  film, — In  a  good  film 
the  corpuscles  should  be  spread  out  evenly,  no 
rouleaux  being  seen.  Even  with  the  low  power  the 
white  cells  can  be  recognised  by  their  stained  nuclei, 
and  some  idea  of  their  relative  numbers  gained.  For 
the  minute  examination  of  the  white  cells  a  high  power, 
and  preferably  an  immersion  lens,  is  requisite.  In 
many  cases  it  is  important  to  make  a  ^'  diflferential 

*  Michaelis'  method  does  not  succeed  well  with.  ^Xm&  ^\£l<e^ 
have  been  exposed  to  f  ormoL 


w. 


The  Blood. 


r.onnt "  in  order  to  ascertain  tlie  relative  numbers  of 
the  different  varieties  of  leucocyte.  For  tbia  purpose 
several  hundred  cells  must  be  counted,  whicli,  with  a 
little  practice,  can  be  done  in  a  quarter  of  an  hour.* 

The  following  are  the  varieties  of  leucocytes  found 
in  normal  blood  (I'late  IV.,  Fig.  1),  with  their  relative 
proportions : — 

1.  Leucocytes  with  multipartite  nucleus  and  very 
fine  nentrophil  granules  (so-called  "  polynuclears "), 
70  per  cent. 

2.  Leucocytes  with  round  or  branched  nucleus  and 
coarse  oxyphil  granules  ("  eosinophils  "),  2—4  per  cent. 

3.  Small  leucocytes  with  round  nucleus  and  no 
granules  (lymphocytes),  22-25  per  cent. 

^^^_  1.  Large  leucocytes  with  oval  nucleus  and  no 
^^^^granules  ("large  mono-nuclears ").  These  pass  into 
^^^^Bke  "transitional  forms"  with  notched  nuclei,  mora 
^^^^■septy  staining,  and  perhaps  a  few  neutrophil  granulea. 
^^^^Bogether  these  amount  to  2-4  per  cent. 
^^^^B  5.  Polynuclear  ceils  with  intense  basophil  granula- 
^^^^Bonf  ("mast  cells"),  0'5  per  cent. 
^^^^^  The  alterationa  which  occur  in  the  relative  pro- 
I  portions  of  these  in  UucocyloaU  have  alreaily  been 

mentioned  (p.  307). 

In  the  lymplialiG  form  of  leuktemia  an  enormous 
increase  occurs  in  the  number  of  the  lymphocytes. 
(Plato  IV.,  Fig.  3). 

In  the  mydogenoTts  form  of  the  disease  the  neutro- 
phils, eosinophils,  and  mast  cells  are  all  increased, 
and  in  addition  bone  marrow  cells  ("myelocytes") 
appear  in  the  blood.     These  are  of  large  size,  with  a 

*  To  aaaiflt  in  mnkiiig  a  difTcniiitial  count,  Ehrlich  recom* 
■nenda  (lie  use  □(  nn  eye-piece  vith  a  aquare  diaphrutttn  (o  limit 
the  field.  Tliii  is  maae  iu  two  fDmi :  (a)  a  simple  diuplimsm  to 
drop  into  the  miuroroeter  eye-piece  (Zeisa) ;  {b)  an  ocuW  mth  a 
■qunre  dinphrsgin  of  iris  pattcni  (Leiti).  The  latter  is  the  man 
Conronisnt  totm. 
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single,  faintly-staining  nucleus,  and  contain  granules 
which  may  be  either  neutrophilic  or  eosinophilic  in 
reaction.     (Plate  IV.,  Fig.  2.) 

Myelocytes  are  also  found  in  the  blood  in  ancemia 
paeudoleukcemica  infantum  and  in  some  other  con- 
ditions. 

A  relative  diminution  of  the  leucocytes  is  spoken 
of  as  leukopenia.  It  is  found  in  enteric  fever, 
splenic  ansemia^  and  some  other  diseases. 

The  red  cells  may  present  various  alterations  in 
disease.'    The  alterations  may  affect : — 

(a)  Their  aiTie  and  shape.  Instead  of  the  normal 
sized  erythocytes  small  cells  may  appear,  devoid  of 
the  usual  central  indentation  (microcytes),  or  unusually 
large  forms  may  be  met  with  (megalocytes),  par- 
ticularly in  pernicious  ansemia.  Instead  of  bein^ 
rounded  the  corpuscles  may  become  oval,  pear-sha[)ed, 
etc.  These  changes  are  spoken  of  collectively  as 
poUcilocytoiiia, 

(6)  The  staining  poioer  of  the  cells  may  bo 
altered.  Thus  instead  of  taking  up  eosin  in  a 
hsematoxylin-eosin  mixture,  they  may  stain  with  the 
logwood  too,  and  have  a  violet  or  even  bluish  tinge. 
This  is  spoken  of  as  polychromatophilia.  It  is  seen 
in  various  kinds  of  anaemia,  and  is  believed  to  indicate 
a  degeneration  of  the  red  cells. 

(c)  Nv>cleated  forma  may  appear.  If  these  are  of 
the  same  size  as  ordinary  red  corpuscles  they  are 
spoEen  of  as  normohUjLata,  They  can  be  distinguished 
from  lymphocjrtes  (for  which  at  the  first  glance  they 
are  apt  to  be  mistaken)  (1)  by  the  more  homogeneous 
and  intense  staining  of  the  nucleus,  (2)  by  the  presence 
round  the  nucleus  of  a  cell  body  which  stains  red,  (3) 
by  their  smoother  contour. 

Megalohlaats  are  very  large  nucleated  red  corpus- 
cles. They  may  be  even  four  times  as  large  as  an 
ordinary  red    cell.     They  have   a   teVaXivN^^  ««Ma5\ 


W: 


fain Uf -staining  nucleus,  and  a  lurge  cell-body,  wliiah 
often  exhibits  polycLromatopLilia.     Megalobksts 
charaoteristiu  feature    of  tlie  blood  in  periii<:i 
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Microblaslg — nucleated    forms    smal  er    tbi 
ordinary    red    corpuacle — are    found     in    trimniatic 
aniemias,  and  are  of  no  great  signiticHnce. 

Parasites  in  tbe  blood. — We  have  already 
described  the  way  to  look  for  lilaria*  in  the  blood 
(p.  218).  Of  this  paiuaite  there  are  several  species 
which  are  the  embryoa  of  corresponding  pni'ental 
forms.  The  embryos  Uve  free  in  the  blood  ;  the 
parental  forms  are  found  ia  the  tissueGaud  lymphatics. 
In  ore  species  the  embryos  are  present  in  the  blood 
during  the  night  only  (F.  noclurna),  in  another  only 
by  day  (f  .  diurjia).  In  yet  another  form  {F.  perelang} 
they  are  always  present.  The  blood  in  euspected 
cases  shoiild  therefore  be  eicamineU  both  dnring  the 
day  and  during  the  night.  For  the  diagnosis  ot 
the  different  species  special  works  must  be  consulted, 
but  the  chief  pointe  to  attend  to  are ;  (1)  The  tima 
when  the  pai-asites  are  present  in  the  blood  ;  (3)  the 
nature  of  their  movemenls ;  (3)  whether  or  not  they 
possess  a  sheath  ;  (i)  the  shape  and  cliaracter  of  their 
extremities. 

To  recognise  the  parasite  of  malnria,  proceed 
as  follows ; — 

Prepare  some  perfectly  clean  and  very  thin  cover 
slips,  and  remove  all  traces  of  grease  in  the  manner 
already  described  (p.  220).  Cleanse  the  skin  of  the 
finger-tip  or  ear  with  soap  and  water  and  then  with 
alcohol  and  ether.  Make  a  small  prick  in  the  skin.' 
Wipe  away  the  first  drop  of  blood,  leaving  a  perfectly 
lurface,  so  that  subsequent  drops  will  not  run, 
eze  out  a  tiny  drop  about  the  size  of  a  large 
head.  Touch  the  a|>ex  of  this  ilrop  with  the 
:e  of  a  cover  glass,  and  iiiimedtati-ly  droi 
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PLATE    v.— THE    BLOOD    IN   MALARIA.     Showing    different  forms    and 
stages  of  (levelopinent  of  the  parasite.     {After  Thayer  and  Heioetson.) 

Fig.  L— The  parasite  of  tertian  fever. 
Fig.  2.— The  parasite  of  quartan  fever. 
Fio.  3.— The  jMirasite  of  i^stivo-autuninul  fever. 
Fig.  4.— Creseentic  and  oval  bodies. 
Flagellated  fonns. 
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downwards,  on  a  perfectly  clean  slide.  Make  several 
such  preparations,  and  reject  all  those  in  which  rou- 
leaux are  present.  It  is  absolutely  essential  that  the 
red  corpuscles  should  lie  fiat.  Examine  with  a 
^  immersion  lens  and  rather  feeble  illumination. 
Look  in  the  red  corpuscles  for  the  presence  of  small 
black  specks,  often  rod-like  and  showing  slow  move- 
ments of  translation  (Plate  V.,  Figs.  1,  2).  These  are 
surrounded  by  clear  areas.  One  may  also  see  in  the 
centre  of  some  of  the  red  cells  clear  amoeboid  areas 
which  show  no  pigment  (Plate  V.,  Figs.  1,  2).  Rosette 
forms  may  also  be  visible  (Plate  V.,  Fig.  2).  These 
forms  of  the  parasite  are  always  present  in  cases  of 
malaria  which  have  not  had  quinine.  Other  varie- 
ties are  only  met  with  in  some  chronic  cases.  Of 
these  there  are  two  chief  forms :  (1)  The  cresentic, 

(2)  the  flagellated  (Plate  V.,  Figs.  4  and  5).  These  are 
easily  recognised.  The  cresentic  bodies  are  highly 
refractile,  rather  longer  than  a  red  blood  corpuscle 
and  about  2/x  in  diameter.  Particles  of  pigment  may 
be  recognised  in  the  parasite  and  also  in  some  of  the 
ordinary  leucocytes. 

The  examination  of  blood  for  the  malarial  parasite 
demands  some  care.*  Manson  says  that  one  must 
devote  half  an  hour  to  the  examination  of  a  slide 
before  pronouncing  on  the  absence  of  parasites  in  it. 
The  quartan  form  of  the  parasite  (Plate  V.,  Fig.  2) 
is  distinguished  from  the  tertian  (1)  by  being  smaller 
in  size,  (2)  by  its  pigment  granules   being  darker, 

(3)  by  its  showing  fewer  segmenting  forms. 

If  it  be  desired  to  stain  the  parasite,  one  should 
use  for  the  purpose  a  concentrated  solution  of  methylene 
blue  in  0*6  per  cent,  salt  solution.  A  tiny  drop  of 
this  is  placed  on  the  skin,  and  the  puncture  made 
through  it.     The  mixed  drop  is  then  examined  as 

*  Parasites  are  most  abundant  in  the  blood  about  8  to  l^ 
hours  after  the  rigor. 
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To  get  per  moment  preparations,  proceed  as  fol- 
lows : — ^tain  a  fixed  film  for  two  seconds  with  very 
dilate  eosin  (0*5  cc.  concentrated  alcoholic  eosin  to 
500  CO.  water),  wash,  pour  on  some  Loffler's  solution 
(Appendix,  22),  diluted  one  in  four  of  water.  Wash 
this  off  after  a  few  seconds,  allow  the  film  to  dry, 
and  mount  in  balsam. 

The  parasite  is  stained  blue  and  the  red  cells  pink. 

The  examination  of  the  blood  for  bacteria  is 
considered  in  Chapter  XIV. 

Carbonic  oxide  in  the  blood. — In  cases  of 
suspected  carbonic  oxide  poisoning,  the  presence  (f 
the  gas  may  be  detected  by  spectroscopic  examination. 
Some  blood  is  obtained  by  the  application  of  a  cup- 
ping-glass, and  is  freely  diluted  with  distilled  water. 
The  solution  has  a  cherrv-red  colour.  Place  some  of 
it  in  a  thin,  fiat  glass  tube,  and  examine  with  a  hand 
spectroscope.  Direct  the  instrument,  as  in  all  such 
examinations,  towards  a  white  cloud,  and  not  towards 
the  sun.  Two  bands  (Fig.  73)  are  seen  (bands  of 
carbonic  oxide  haemoglobin)  occupying  very  much  the 
position  of  the  oxyhaeraoglobin  bands.  They  are 
distinguished  from  the  latter  by  the  fact  that 
Addition  of  a  few  drops  of  sulphide  of  ammonium 
produces  no  alteration  in  them. 

Various  methods  have  been  proposed  for  the 
clinical  estimation  of  the  specillc  g^ravity  of  tlie 
blood.     The  simplest  is  the  following  : — 

A  mixture  is  made  of  chloroform  and  benzol  in 
such  proportions  that  the  specific  gravity  of  the  fluid, 
as  taken  with  a  sensitive  urinometer,  is  1,060.  Somo 
of  this  is  placed  in  a  tall  glass  vessel,  and  a  drop 
of  blood  added  to  it  from  a  hsemooytoraeter  pipette. 
If  the  drop  remains  suspended  without  either  rising 
to  the  surface  or  sinking  to  the  bottom,  the  specific 
gravity  of  the  blood  is  the  sauie  as  tK^L^.  oi  Osv^ 
mixture.    If  the  drop  floats,  add  beuifiiV  oxxX*  cJL  ^ 
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butette,  stirriiig  well  with  a  glass  rod,  ontil  the  drop 
rtsuiains  suspended.     If  it  sioka,  add  chloroform  tiU 
a  similar  result  is  attained.     Then  take  tlie  s^ 
gravity  of  the  mixture  with  a  urinometer  and  the 
result  will  give  the  specific  gravity  o£  the  blood. 

The  normal  specific  gravity  of  blood  ia  about 
1,060.  Variations  are  not  of  much  clinical  value. 
The  specific  gravity  is  always  in  proportion  to  the 
amount  of  Ijiumoglobin — a  low  specific  gravity  o 
little  hiemoglobin.  The  ratio  is  so  constant  that  one 
can  toll  the  percentage  of  hteujoglobin  by  taking  the 
sjHicific  gravity. 

The  clinical  estimation  of  the  alkaliDiiy  ofthe 
blood  can  only  be  accomplished  by  the  use  of  rather 
elalwrate  metlioda,  the  results  yielded  by  which  aro 
not  of  Bufhcient  importance  to  justify  their  description 
ill  a  work  such  as  this.* 

The  ooagnlabilitj'  of  the  blood  can  be  esti- 
siated  with  a  fair  degree  of  accuracy  by  means  of 
Wright's  ooftgulometer.t  The  instrument  consists  of 
a  series  of  line  tubes  of  equal  calibre  which  are  kept 
at  a  uniform  temperature.  Blood  is  drawn  iiito  each 
of  the  tubes  at  doGnite  intervals,  and,  after  the  lajtsc 
of  varying  periods  of  time,  one  blows  down  the  tubes 
in  succession.  If  the  blood  can  no  longer  be  blown 
out,  coagulation  fas  occurred.  The  interval  between 
the  filling  of  the  tube  and  the  occurrence  of  coagula- 
tion is  known  as  the  " coagvialioH  time."  At  a  tem- 
perature of  18'5°  C  the  coagulation  time  of  a  healthy 
individual  is  about  four  minutes. 


•  For  H 
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CHAPTER  VL 

Respibatort  Ststsm. 

SECTION  I.— ANATOMY. 

(Plates  I.,  II.,  III.) 

:   following   anatomical   facts   must  be  borne  in 
'■  mind  when  the  lungs  are  examined  : — 
1.  Borders  of  tlic  lungs. 

Right  Inng.— The  anterior  border  passes  for- 
(cards,  downwards,  and  towards  tlie  middle  line  from 
the  apex,  which,  situated  at  the  level  oE  the  neck 
of  the  first  rib,  corresponds  posteriorly  with  the 
seventh  cervical  spine.  Behind  the  sternum,  at 
the  level  of  the  second  rib,  it  has  nearly  reached 
the  middle  line,  and  passes  directly  downwards  to 
the  level  of  the  junction  of  the  sixth  costal  cartilage 
with  the  sternum,  where  it  turns  rather  abruptly 
to  the  right  to  pass  outwards  as  the  lower  border. 
The  lower  border  meets  the  right  parasternal  line 
at  the  level  of  the  upper  border  of  the  sixth  rib, 
the  mammary  line  also  at  the  level  of  the  sixth  rib, 
the  axillary  lines  at  the  seventh  and  eighth  ribs,  • 
the  scapular  line  at  the  tenth  rib,  and  at  the  side 
of  the  vertebral  colunm  reaches  as  far  as  the  tenth 
interspace  or  olfiventh  rib. 
I  Lcn  Inng. — -From  the  apex  to  the  level  of  the 

■  fourth  costal  cartilage  the  anterior  border  passes  in  a 
l^i'oction  which  corresponds  with  that  of  the  right 
[lung.  At  this  point  it  bends  rather  suddenly  out-  | 
wards,  thereby  leaving  part  of  the  anterior  surface 
of  the  heart  exposed,  and  passes  in  an  arched  liiie. 
oiitwnrda  and  downwards  to  te.iu:\v  \Xw,  *Y*fio.  ^^  *■ 
liUie  external  to  the  parast^nvaX  ^-asi.    "Sw^^*| 
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Ijoinb  the  lower  border  passes  backwards  along  a  line 
corresponding  to,  hut  a  little  lower  than,  that  of  the 
lower  border  of  the  right  lung.  The  lower  borders  of 
both  lunga  are  convex  towards  the  abilomen.  In  farced 
respiration  they  may  vary  in  level  to  the  extent  of 
two  or  even  three  inches,  According  to  the  phase  of 
the  respiratory  cycle.  In  quiet  respiration  the  diffei'- 
ence  between  the  extremes  is  only  about  1  cm. 

2.  Lobes  of  the  lunfs. 

It  is  often  important  to  know  the  liraite  of  the 
individual  lobes  of  the  lungs.  This  may  be  done  by 
drawing  a  line  from  the  second  dorsal  Bj>ine  to  the 
sixth  rib  in  the  mammary  line;  ihia  corresponds  to 
the  upper  border  of  the  lower  lobe.  A  second  line, 
drawn  forwards  on  the  right  side  from  the  centre  of 
this  line  to  meet  the  sternum  at  the  level  of  the  fourth 
costal  cartilage,  will  mark  the  boundary  between  the 
u[>per  and  middle  lobes. 

Obviously,  therefore,  the  greater  part  of  each  lung, 
as  seen  from  behind,  is  composed  of  the  lower  lobe, 
only  the  apex  belonging  to  the  upper  lobe ;  whilst  the 
middle  and  upper  lobes  on  the  right  side,  and  the 
upper  lobe  on  tbe  left,  occupy  most  of  the  area  in 
fi-ont.  In  the  axillary  regions,  pirts  of  all  the  lobes 
are  accessible. 

The  biftircailon  of  the  trachea  corresponds 
in  front  with  the  lower  part  of  the  manubrium  stemi ; 
behind  with  the  disc  between  the  fourth  and  fifth 
dorsal  vertebne. 

The  reflected  pleural  sacs  reach  decidedly 
lo  wer  than  the  interior  borders  of  the  lungs,  whose  limits 
they  overstep  for  about  two  incites  in  the  mammary, 
nearly  four  inches  in  tbe  mid-axiUary,  and  ono  and 
a-half  inches  in  the  scapular  lines.  The  sinus  thus 
iorined  lies  on  the  left  side  above  the  resonant  stomach 
cavity,  and  therefore,  should  it  become dwtended  with 
^aid,  as  in  coses  of  hvdrothorax,  a  AiiW  areaV^^^^ 
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SECTION  I.— ANATOMY. 
(Plates  I.,  IL,  III.) 

Thb  following  anatomical  facts  must  be  borne  in 
mind  when  the  lungs  are  examined : — 

1.  Borders  of  the  lungs, 

Rig^ht  Inng^. — ^The  anterior  border  passes  for- 
wards, downwards,  and  towards  the  middle  line  fcom 
the  apex,  which,  situated  at  the  level  of  the  neck 
of  the  first  rib,  corresponds  posteriorly  with  the 
seventh  cervical  spine.  Behind  the  sternum,  at 
the  level  of  the  second  rib,  it  has  nearly  reached 
the  middle  line,  and  passes  directly  downwards  to 
the  level  of  the  junction  of  the  sixth  costal  cartilage 
with  the  sternum,  where  it  turns  rather  abruptiy 
to  the  right  to  pass  outwards  as  the  lower  border. 
The  lower  border  meets  the  right  parasternal  line 
at  the  level  of  the  upper  border  of  the  sixth  rib, 
the  mammary  line  also  at  the  level  of  the  sixth  rib, 
the  axillary  lines  at  the  seventh  and  eighth  ribs, 
the  scapular  line  at  the  tenth  rib,  and  at  the  side 
of  the  vertebral  column  reaches  as  far  as  the  tenth 
interspace  or  eleventh  rib. 

Left  Inngr* — From  the  apex  to  the  level  of  the 
fourth  costal  cartilage  the  anterior  border  passes  in  a 
direction  which  corresponds  with  that  of  the  right 
lung.  At  this  point  it  bends  rather  suddenly  out- 
wards, thereby  leaving  part  of  the  anterior  surface 
of  the  heart  exposed,  and  passes  in  an  arched  line 
outwards  and  downwards  to  reach  the  a\x.\iVv  x^  ^ 
little  external  to  the  parasternal  linie.    "^xoTCk  >t>KNa 
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These  tliree  regions  are  bounded  laterally  by 
the  lateral  sternal  lines  and  tJieii*  upward  con- 
tinuations.* 

(6)  Five  antero-lateral  regions  on  each  sida 

Sapraclavicalar,  bounded  above  by  an 
oblique  line  from  the  aide  of  the  cricoid 
to  the  outer  end  of  the  clavicle,  below 
by  the  clavicle. 

Clancular,  composed  of  the  area  occupied 
by  the  clavicle. 

Injradavieuia^,  bounded  iibove  by  the 
clavicle,  below  by  a  horizontal  line  at 
the  level  of  the  third  chondrostem&l 
articulation. 

Matnma/ry,  from  the  lower  edge  of  the 
infraclavicular  area  to  the  level  of  the 
dzth  chondroBtemal  junction. 

Infrartia'mmwry,  below  that  level. 
These   regions    extend  outwards  to  the  anterior 
axillary  line. 

(c)  Two  lateral  areas  on  eillicr  side. 

A    -Ti  (    meeting    each    other 

ttory  ^^  y^^    level    of    the 

I-nfToHia^UaTy  ^    .i^th  rib. 

{d)  Four  regions  at  the  bnck  on  eitlicr 
ildc  of  the  spine. 

Supratcapidar. 

Scapular,  subdivided  into  supra-  and  infra- 

spinoue. 
In/raecapular,  and 
Intertcaptdwr. — The  position  of  the  dorsal 

regions  is   sufficiently  dulineJ  by  tbeir 


*  SometiiuiH  Uio  itenuki  rogioua  axe  chvunfiad  ni 
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SECTION  IL— msPEonoN. 

Inspection  determines : — 

(A)  Form  of  chest 
(a)  Healthy. 

^*^  tef^Sii^Slt  ::!^  (The  alar  chert. 

,       Srtot^'^'l^^^^ 

(e)  Symmetrical  chests  with  TThe  rachitic  chest. 

features  indicating  past  <  The  pigeon  breast. 

disease.  (Harnson's  sulcus. 

(rf)  Symmetrical  cherte  with  f  ^   i^rrel-ehaped  chest. 

^t*dSe^  ^^  iBilateral letitu^ 

W  Unilateral  change..  j  g^Sl*^ 

r  Bulging, 
corneal  change..  ]  f^^ped   dep™.. 


(B)  Morements  of  chest 
(a)  Respiratory. 

(1)  Bate. 

(2)  Bhythm. 

(3)  Type. 


Character  {ue  also 
Chapter  II.). 


Amount  of  ei^pansion. 
Unilateral  fixation. 
Local  lagging. 
Local     indrawing     and 
bulging. 

{b)  Non-respiratory.      Pulsations  (Chapter  IV,). 

(A)  The  shape  of  the  thorax  depends  partly 
on  the  curvature  and  obliquity  of  the  ribs,  partly  on 
the  curves  of  the  spinal  column.  The  curvature  of 
the  sternum  results  from  the  relations  of  these  factors 
in  each  case. 

When  the  ribs  are  normally  curved,  the  more 
horizontally  they  lie,  the  more  nearly  does  a  cross 
section  of  tke  chest  approach  the  form  of  a  circle, 
the  wider  are  the  intercostal  spaces,  and  the  more 
obtu  se  does  the  subcostal  angle  become ;  whilst,  on. 
the  contrary,  increasing  obliquity  o{  tVi^  xn^i^X^^^'^  ^» 
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uiii'i'owiiig  of  the  iotercostal  apacea,  to  increaiuDg  ellip- 
ticity  of  the  cross  section  of  the  chest,  the  major  axis 
lying  transversely  and  the  minor  axis  in  an  antero- 
posterior direction,  and  at  the  same  time  the  subcostal 
angle  becomes  more  acute.  Id  a  healthy  male  the  angle 
ia  about  70°,  in  a  female  about  75°.  The  variations 
may  amount  to  10°  above  or  below  these  averugea. 
When  there  is  lateral  curvature  of  the  spine,  the  cheat 
\&  rendered  asymmetrical ;  when  the  spine  is  unduly 
concave  forward,  other  changes  are  produced,  which 
will  be  dealt  with  auhaequently. 

The  ideal  healthy  chest  will  conform  to  the 
following  description ;  It  is  bilaterally  symmetrical, 
its  contours  are  smooth,  it  has  no  deep  hollows,  and 
at  most  shows  only  a  slight  recession  below  the 
clttviclea.  In  cross  section  it  ia  an  ellipse,  broader 
from  side  to  side  than  from  front  to  back  in  the 
proportion  of  ahout  7  to  5  ;  and  its  general  shape 
Vi  ellipsoidal,  with  the  longest  axis  vertical.  In 
children  the  cross  section  is  much  more  nearly 
circular. 

The  sternum,  which  ia  convex  from  above  down' 
wiirda  when  viewed  from  the  front,  lies  at  the  bottom 
nl  a  shallow  groove  known  as  tjie  sternal  furrow, 
fiirmed  by  the  pectoral  muscles  of  each  side.  The 
junction  of  the  manubrium  with  the  body  of  the 
sternum  exhibits  a  slight  angular  projection  (angalua 
Ludovici),  sometimes  visible,  almost  always  palpable. 
The  atema!  furrow  ends  below,  at  the  level  of  tha 
seventh  costal  cartilage,  in  the  iufrasternal  di'pression 
(or  scroliiciiluB  cortlis).  A  slight  hollow  l>elow  the 
clavicle  marks  the  separation  between  tliu  divituoiis 
of  the  poctomlis  major  ;  it  should  not  be  deep,  and 
ought  only  to  be  distinct  when  the  niusule  is  made  tO' 
oimtnwt.  A  sectind  hollow,  which  is  much  more 
distinct,  separates  the  pectornlis  frotu  thu  deltoid. 
aaw  ttmm  list  farther  from  tlie  middle  line,  and  '" 
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fciown  ss  the  infra-olavicular  (or  Moreiiheim's)  fossa. 
It  becoDiea  very  marked  in  many  cases  of  phthisis. 

The  shape  in  the  laammary  regiona  depends 
greatly  on  the  degree  of  development  of  the  mammary 
gland  and  on  the  amount  of  Bubcutaneous  fat.  In 
the  aduit  male  the  nipple  is  usually  situated  about 
4  in,  from  the  middle  line,  in  the  fourth  intercoBtal 

In  actual  practice  it  is  very  rare  to  find  a  chest 
which  is  perfectly  syniraetrical.  Generally  the  right 
side  is  rather  more  capauious  than  tlie  left,  and  thp 
spinal  column  almost  always  has  a  slight  degree  of 
lateral  curvature.  In  inspection  of  the  chest  the 
examiner  must  never  be  content  with  viewing  it  from 
one  aspect  only.  He  should  first  look  at  it  from  the 
front,  then  from  the  aide,  thereafter  from  the  back, 
and,  linally,  he  should  look  over  the  shoulders  from 
behind  and  above,  so  as  to  see  the  profile  of  a  hori- 
zontal section  of  the  thorax.  The  last  method  is  very 
useful  in  detecting  lack  of  symmetry  or  unequal 
expansion  on  the  two  sides.  The  neck,  especially  as 
regardB  the  manner  in  which  it  is  set  on  the  chest, 
and  the  epigastrium  should  be  inspected  at  the  same 
time  as  the  thomx. 

Deviation  froni  the  normal  form  may  either  affect 
tlie  whole  of  the  thorax  or  localised  pai'ts  of  it.  The 
nhaormal  shapes  of  the  chest  as  a  whole  may 
he  grouped  in  three  classes,  according  as  they 
indicate  merely  a  proclivity  to  lung  difiease,  a  history 
of  former  disease,  or  tiie  existence  of  present  disease. 
The  first  class  contains  the  alar  and  flat  chests ; 
the  second  the  rictcty  chest,  the  pigeon  breast;,  and 
the  cheat  with  Harrison's  sulcus ;  the  third  includes 
the  han-el-shaped  cheat  and  the  hollow  or  retracted 
chest. 

In  these  groups  the  changes  affect  both  sides  of 
the  thorax,  aud  so  the  symmetry  remains  undisturbed.    ' 


^B  few 
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^her  instances  tlie  morbid  conditions  at  work  may 
to  unilateral  changea  in  the  etiape  of  the  cLest, 
one  aide  Laving  its  volume  either  increased  or  dimin- 
isliad,  anil  being  otherwise  deformed.  Lastly,  the 
cheat  may  exhibit  local  deviations  from  the  normal 
form,  due  generally  to  local  disaase 

I.  Symmclrlcal  cbests  with  leniurcs 
liidicalliig  procljvit}'  to  lung  disenses 
("Phthinoid"  ChestsJ.— The  two  forms  which 
Ijcloiig  to  this  class  are  the  alai  and  the  BaX  cheat. 

I.  The  alar  cliKSl  is  one  where  the  vertebral 
borders  of  the  scajiulte  project  unduly,  and  the 
Moulders  droop.     The  canae  of  this  appearance  b  to 

be  found  in  the  obli([uity 
of  the  ribs,  which  makes  tha 
projection  of  their  curTeS 
and  angles  in  the  horizontal 
plane  more  sharp,  leads  to 
a  long  and  rutliur  sliallow 
thorax,  and  is  associated  with 
a  long  neck  and  proiuluent 
throat. 

2.  The  flHi  rlitfst  is  due 

to  a  loss  of  the  forward  con- 

.  vexity  of  the  costal  cartilages, 

!  which  bwomo    more  or    less 

straight.       Aa   a  result,  the 

sternum  is  less  distant  from 

than  usual      The  flat  chest  is 

•fiften,  but  not  always,  associated  with  the  alar  form. 

II.  Symmetrlcnl  rhesls  with  fciitures 
IndU'Hting  past  diseiiscs  (ihict  not  seldom  pre- 
disposing to  pulmonary  disease). 

This  group  contains  a  number  of  forms,  but  only  a 
lew  need  be  considered  here. 

1.  The  rachitic  chest, — In  rachitis  the  hones 
less  rij^id  than  usual,  and  so  are  more  rea^j^v. 


vertebral  colui 
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deformed  fcy  any  applied  force.  From  the  natui*e  of 
fche  disease  the  part  that  yields  most  readily  is  where 
the  bone  and  cartilage  meet,  and  therefore,  when  any 
cause  prevents  the  free  access  of  air  to  the  lungs 
during  inspiration,  this  part  bends  inwards  before 
the  pressure  of  the  external  air.  A  vertical  groove 
is  thus  formed  in  this  region,  and  persists  even  after 
the  cause  which  first  led  to  its  production  has  dis- 
appeared. The  section  of  a  rachitic  chest  is  shown 
in  the  accompanying  figure,  where  the  depressions 
situated  at  a  little  distance  from  either  side  of  the 
sternum  are  easily  recognised.  When  the  rachitic 
condition  is  severe  the  line  of  least  resistance 
becomes  so  weak  that  no  unusual  obstruction  to 
inspiration  is  necessary  in  order  to  produce  the 
grooves ;  the  slightly  lower  air  pressure  within  the 
thorax,  which  is  necessarily  present  during  in- 
spiration, being  sufficient    to  lead  to  its  formation 

(Pig.  74). 

2.  The  pig^eon  breast. — Here,  in  consequence 
of  some  obstruction  (often  quite  trivial)  to  inspiration 
at  a  time  of  life  when  the 
ribs  are  soft,  they  become 
straightened  in  front  of 
their  angles ;  where,  o win g 
to  their  smaller  degree  of 
curvature,  they  are  most 
readily  deformed  by  ex- 
ternal pressure.  The  re- 
sult is  that  the  sternum 
becomes  unduly  prominent 
and  projects  beyond  the 
plane  of  the  front  of  the? 
abdomen,  so  that  there  is 

a  sharp  angle  at  its  lower  end.  At  the  same  time 
the  cross  section  of  the  chest  ceases  to  be  elliptical, 
and  approaches  a  triangular  form,  the  aivg^lei'a»  \ife\xv^ 


Fig.  76.— Cross  section  of  pigeon 
breast.  \Gu.)  '  The  dotted  Uim 
represents  the  normal  outline. 
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situated  at  the  Btemum  in  front,  and  at'  the  coetal 
angles  behind  (Fig.  76), 

3.  HiUTison's  siilvns, — This  is  a  transverse 
OonBtrictioii  which,  beginning  at  the  level  of  the 
xiphistcmum,  passes  outwards  and  slightly  down- 
wards. It  seldom  renclieG  as  far  as  the  m id-ax illarjr 
line.  This  deformity  is  due  to  the  same  cause  as  the 
last,  hut  either  the  obstruction  has  been  slighter,  or 
the  bones  have  been  more  folly  hardened. 

The  depression  is  tLerefore  limited  to  the  most 
yielding  part  of  the  chest,  and  this  corresponds  to  the 
region  where  the  cavity  is  widest.  Lower  down  than 
the  sulcus,  the  liver  and  other  abdominal  viscera  had 
supported  the  ohest  wall  and  so  prevented  it  fiom 
being  drawn  inwaiila  ;  whilst,  higher  up,  the  greater 
curvature  of  the  ribs  had  enabled  them  to  withstand 
the  external  pressure. 

The  three  deformities  just  described  are  frequently 
found  together  in  one  individuii.1,  and  ca.ses  of  ]iige<>n 
breast  almost  invariably  exhibit  a  well-marked 
Harrison's  sulcus. 

III.  ..Symiuctiinil  chests  with  rcanire» 
ludlcaiing  present  disease. 

1,  In  emphysema  the  increased  volume  of  the 
lungs  demands  increased  space  fortlieiracoomniodation. 
To  provide  this,  the  ribs  are  less  obliquely  set  than 
usual,  whilst  the  spine  becomes  unduly  concave  for- 
wards,  and  the  sternum  is  much  more  arched  than 
under  normal  conditions,  whilst  the  angle  of  Iiouis 
becomes  extremely  prominent. 

Since  this  increase  of  volume  is  accomplished  ^fj 
tlie  mechanism  which  is  provided  for  the  expansion  of 
the  chest  in  inspimtion,  the  latter  can  only  be  effected 
by  movements  of  the  chest  as  a  whole,  and  so  tiie 
accessory  muscles  of  respiration  have  to  take  the 
place  of  the  intercostals,  thereby  becoming  abnorntttlly 
ijDuj^uoua.  whilst  the  diaphragm  has  &  considwkl ' 
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excess  of  work  imposed  upon  it.  The  chest  of  em- 
physema is  describ^i  as  "  barrel-shaped,** 

Kyphosis  may  produce  a  form  of  chest  which 
closely  simulates  that  of  emphysema. 

2.  Bilateral  hollowing^  is  an  extreme  case  of 
the  fiat  chest  already  described,  and  is  caused  by  the 
existence  of  phthisis. 

lY.  IJnilateral  chang^es  in  the  shape  of 
the  chest  nrhich  aflect  the  i¥hole  of  one  side. 
— ^These  may  result  either  in  unusual  bulging  or  in 
retraction. 

IJnilateral  enlarg^ement  is  due  either  to  the 
presence  of  fluid  *  or  gas  in  the  pleura,  or  to 
increase  in  volume  of  one  limg  due  to  a  tumour,  or 
compensatory  hypertrophy. 

Diminution  of  volume  results  from  shrinkage 
of  the  lung.  This  may  be  caused  by  phthisis,  or  it 
may  be  the  result  of  adhesions  formed  during  an 
attack  of  pleurisy  with  effusion.  Collapse  of  a  lung 
from  obstruction  of  the  bronchi  may  produce  a  similar 
result. 

Before  connecting  these  changes  with  disease  of 
the  lungs  or  pleura,  the  observer  must  ascertain  that 
no  scoliosis  exists ;  for  the  rotation  of  the  vertebrae 
in  this  condition  leads  to  a  deformity  which,  when 
inspected  only  from  the  front,  it  is  almost  impossible 
to  discriminate  from  those  just  described.!  Ab- 
dominal disease  must  also  be  excluded. 

V.  Local  chang^es,  affecting  only  part  of  either 
side. 

# 

*  The  presence  of  fluid  does  not  always  cause  enlargement  of 
the  affected  side  of  the  chest,  although  it  often  does  so.  Some- 
times indeed  that  side  is  smaller.  The  explanation  is  not  very 
obvious,  but  it  must  be  recollected  that  tne  fluid  is  primarily 
accommodated  by  displacement  of  the  lung,  and  only  later,  after 
the  elasticity  of  the  lung  has  been  exhausted,  will  the  contour  of 
the  thorax  be  altered. 

t  Scoliosis  may.  however,  be  induced  by  the  -ni\xoA\icn:L  cJL  « 
lung  in  a  young  subjeot. 


^ 
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1.  Bulging. — In  empliysema  the  apices  may 
produce  bji  unusual  fulness  aiiove  the  clavicles,  and  in 
pleural  effusion,  especially  when  oi  a  pumlent  nature, 
the  intorsjMices  which  lie  in  the  area  oE  eH'usion  often 
bulge  oonBttlerably  ;  these  plieiiomeua  iiiiiy  ncconipituy 
a  general  enlargement,  or  occur  without  it. 

Tumours  uf  various  kinds,  and  diseafie  of  th^ 
heart,  may  be  the  cause  of  localised  bulging. 

2.  Shrinkiug. — In  phthisis  one  or  both  apices 
ore  often  contracted,  and  thereby  a  hollowing  is 
produced  above  the  claviclea.  A  similar  condition 
occurs  also  in  the  infra-clavicular  regions,  which  may 
esliibit  marked  hollowing.  This  is  pmticularly 
noticeable  in  Moreoheini's  fossa. 

To  detect  eitlier  bulging  or  flattening  (as  well  as 
diminished  expansion)  it  is  important  to  look  tan- 
geatially  along  the  cheat  either  from  above  the 
ahoulders  or  upwards  from  below.  Both  in  phthisis 
And  other  wasting  diseases  tlie  interspaces  are  very 
sunken,  and  the  ribs  prominent,  in  consequence  of 
the  malnutrition  of  the  muscles  and  subcutaneous 
tissues. 

Not  Tinfreqiieiitly  a  local  alirinking  is  due  to  ad- 
hesions of  the  pleura  resulting  from  a  fiirnier  attack 
of  pleurisy. 

3.  A  ninnel-stiftped  depression  is  sometimes 
found  in  the  lower  part  of  the  middle  line  of  the 
thorax  on  front.  Sometimes  it  is  congenital,  or  it 
may  be  developed  in  infancy  with  or  without  any 
oiistniction  to  respiration  being  present.  It  extends 
in  some  eases  as  high  as  to  the  third  rib,  A  similar 
depi-esaion — tliough  seldom  of  such  magnitude — ia 
found  as  a  trade  deformity  in  shoemakers. 

(11)  Dlovemenis  nf  ihv  thorax. 
Tlie  movements  of  the  cheat  during  respiration 
also  demand  attention,  and  the  rate  of  movement,  its 
rhjrthm,  ita  type,  and  its  amount,  must  be  noted. 


Movements  of  Chest.  24J 

1.  The  rate  for  an  adult  in  health  is  aboat  eighteen 
or  twenty  respirations  per  minute,  but  there  is  a  wide 
margin  on  either  side  of  these  figures.  Increased 
rapidity  may  result  from  exertion,  nervous  excite- 
ment, fever,  defective  aeration  of  the  blood,  whether 
this  be  due  primarily  to  cardiac,  pulmonary,  bron- 
chial, and  laryngeal  causes,  or  to  some  alteration  in 
the  oxygen-carrying  power  of  the  blood.  It  may 
also  arise  from  the  association  of  pain  with  all 
attempts  at  respiration,  as  in  pleurisy  and  peritonitis, 
when  the  breathing  becomes  shallow,  and  must  there- 
fore be  more  frequent  to  make  up  for  the  slighter 
expansion. 

The  ratio  betureen  respiration  and  the 
pnlse  is  important.  In  health  it  is  about  1  to  4  ;  in 
pneumonia  respii'ation  may  occur  almost  as  frequently 
as  the  pulse;  in  certain  cases  of  narcotic  poisoning 
the  ratio  may  become  1  to  6  or  7. 

2.  The  rhythm  varies  very  considerably  even  in 
health,  and  if  the  act  be  performed  consciously  it 
may  become  very  irregular.  Hence  it  is  important 
to  study  it  when  the  patient  is  off  his  guard,  as  only 
then  can  accurate  observations  be  made.  Either 
inspiration  or  expiration  may  be  unduly  prolonged ; 
the  former  being  commonly  a^ociated  with  laryngeal 
or  tracheal,  the  Litter  with  bronchial  and  pulmonary 
diseases.  A  peculiar  type,  where  successive  respira- 
tions gradually  get  deeper  and  deeper  till  a  maximum 
is  attained,  and  then  fall  off  again  until  a  pause  of 
complete  apncea  occurs,  to  be  followed  by  another 
wave  of  gradually  deepening  and  then  diminishing 
respiration,  is  known  as  Cheyne-StoRes  breath- 
ing. The  pause  may  last  for  fully  half  a  minute, 
though  it  is  often  shorter,  and  the  whole  cycle  is 
usually  completed  in  less  than  two  minutes.  It  is 
very  conspicuous  when  the  patient  who  exhibits  it  \9» 
asleep,  or  is  unconscious ;  but  la  apt  to  \>ft  ovetW^s.^^ 


^^9*14^  SBSPlRATOSy  SrSTBM.  ^^^^^^k 

'  if  tbe  patient  is  awake,    ancl   particularly  if  he  is  ^ 

talking.      Apart    from    completely  typical    Olieyne-  I 

Stokes   respiration,    rarioua    modifications,    more  or  ■ 

less  nearly  approacliiiig  it,  occur. 

There  is  anotberform  of  respiratiou  which  is  oft«n 
mistaken  for  Cheyne-Stokes  breathing,  but  which  is 
1-eally  diif'erent.  In  this  form,  instead  of  a  gradual 
increase  in  the  depth  of  respii-ation  from  the  apnific 
piiuaa  to  the  middle  of  the  cycle,  the  deep  breathing 
begins  suddenly,  and  gradually  diminislies,  until  the 
apn<Bic  pause  is  reached,  thereafter  to  recommence 
once  more  with  full  vigour. 

3.  Type. — Breathing  may  be  more  evidently 
performed  by  the  uppei'  part  of  the  thorax  ;  this  is 
known  iks  the  thoracic  type  or  respiration.  It 
is  found  to  a  certain  degree  in  women,  but  in  its  full 
development  ie  associated  eitiier  with  paralysis  of  the 
diaphra^,  or  else  as  a  result  of  its  fixation  from 
ijihammatory  causes  or  increased  abdominal  pressure. 

In  men  and  young  children  the  diaphragiu 
and  nbdoininal  muscles  play  the  most  important 
part  in  respiration  ;  and  in  cases  where  the  intercostal 
musclesai-eimralysed,  or  where  some  infiammatory  and 
jiainful  condition,  such  as  pleurisy,  or  pleurodynia, 
exists  in  the  thorax,  the  breathing  may  be  wholly 
abdominal  in  type. 

In  health  the  male  type  of  respiration  may  be 
described  as  ahdoini no-thoracic,  the  female  as 
llioraviea-Abdonilnnl,  or  almost  purely  thoracic. 

The  presence  of  pnin  or  dyspnoea  should 
always  be  inquired  for,  and  its  exact  nature  noted. 
{Sm  Cha}.ter  IL] 

4.  Regarding  "niovement"  during  rpspiration, 
ihn  points  to  be  noted  are  its  amount,  whether  it  is 
rxpansive  in  character,  and  whether  it  is  similar  on 
tlit>  two  sides  and  over  corresponding  areas. 

Amount  of  movement  and  expansion  are  by 
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means  interchangeable  terms;  in  emphysema  the 
chest  may  move  considerably,  bnt  there  is  little  ex- 
pansion. 

In  comparing  the  two  sides  it  will  often  be  found 
that  deficient  or  absent  movement  betokens  pleurisy 
with  effusion,  or  non-expansion  of  the  lung  from  con- 
solidation or  rigidity  of  its  structure. 

I^ocal  deficiency  in  expansion  is  frequently 
a  very  important  indication  of  phthisis,  or  it  may  be 
due  to  lobar  pneumonia,  the  former  especially  at  the 
apices,  the  latter  at  the  apex  or  base  according  to  the 
situation  of  the  disease. 

Sometimes  one  part  of  the  chest  wall  lags  behind 
the  rest  during  inspiration.  Any  such  lagging  is  im- 
portant as  suggestive  of  disease.  The  existence  of 
any  indmnring^  of  the  chest  wall  or  of  the  inter- 
spaces during  inspiration,  or  of  any  bulging  during 
expiration,  must  be  noted.  Both  may  occur  physio- 
logically, in  which  case  the  conditions  are  present 
over  the  whole  chest,  and  are  not  very  conspicuous, 
or  they  may  result  from  pathological  conditions,  when 
they  sometimes  affect  the  whole  thorax,  at  other 
times  one  side,'  and  yet  at  others  only  appear  locally. 
Examples  of  inspiratory  indrawing  are  found  in  ob- 
struction of  the  larynx  (general),  or  in  blocking  of 
some  of  the  smaller  bronchi  (local).  One  of  the  best 
instances  of  localised  expiratory  bulging  is  seen  at 
the  apices  of  the  lungs  in  advanced  emphysema. 

SECTION  III.— PALPATION. 

Palpation  determines  : — 

A  Form  of  chest  [confirms  or  modifies  the  results  of 

inspection  q.v^, 
B.  Movements  of  chest. 

a,  Respiratory  Wxde  also  inspection}. 

h.  Pulsations  [Chapter  IV.]. 


KL*S°  Respiratory  Svstem. 

^ Palpable  pleuritic  friution. 
PalpablB  riles.         ^^^^^^^_ 
Vocal  (romituH.      J  diuiiniislied. 


^^^V  D.  Teudemeas, 
^^H  S.  Fluc-tuation. 
^^^H         a.  Kesistuncs  of  abeat  wall  to  oompresaion. 

^^^  Inspection  of  the  thorax  sliould  go  hiind  in  hand 

with  palpation  and  mensuration.  In  this  way  the 
observations  made  by  the  eye  are  confirmod  and 
flxtended,  in  some  respects  greater  accuracy  is 
attained,  and  various  facts  which  the  eye  cannot 
disoover  are  elicited. 

PftlptitioD  takes  note  firstly  of  t!ie  form  and  inove- 
niBnt§  of  the  thoras;  aei:ondly,  of  vibrations  or 
tremors  which  are  commnnicated  to  the  tiand  ;  and 
thirdly,  of  the  behaviour  under  pressure  of  any  pain 
of  which  the  patient  complains.  Under  the  first  head 
inspfctton  is  supplemented  ;  under  the  second  one 
learns  something  of  the  accompauiiuenta— c.y.  friction, 
or  rhonchi — -which  interrupt  the  smoothness  of  the 
respiratory  moreraent,  and  also  of  vocal  fremitus, 
which  serves  to  indicate  the  condition  of  the  oon- 
dacting  media.  The  third  enables  one  to  detect  the 
cause  of  many  thoracic  paius. 

Before  making  a  systematic  examination,   it   ia 
1  well  to  lay  the  hand  on  any  part  of  the  chest  which 

I  presents  an  obvioua  swelling,  or  where  the  patient 

complains  of  pain.  In  doing  bo  the  observer  should 
romcmlxsr  to  look  at  the  patient's  face  rather  than  ab 
the  part  under  examination,  as  he  thus  most  ijiiickly 
learns  whether  he  is  causing  any  avoidable  auSeiing.. 
Pain  may  be  due  to  inflammatory  conditions  in  the 
chest  wall,  to  intercostal  neuralgia,  where,  as  a  rule, 
specially  painful  spots  can  Ije  discovered  cori-eapondi:ig 
to  the  [joints  whei-e  tlie  branches  of  tlie  ftft'ectol  nervia 
emet}ge  through   the  fajuda;  to  ioteitxwtal  i 
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where  the  pain  is  aggravated  by  pinching  the  affected 
muscle,  or  to  pleurisy.  In  the  case  of  the  latter, 
pressure  may  considerably  increase  the  pain  by  bring- 
ing the  opposed  surfaces  of  the  inflamed  pleura  more 
firmly  into  contact.  At  the  same  time  the  nature  of 
any  swelling  should  be  investigated.  The  hand  will 
also  supplement  the  information  derived  from  inspec- 
tion with  regard  to  prominence  of  the  intercostal 
spaces,  and  may  occasionally  detect  fluctuation  in 
them  when  there  is  pleuritic  effusion.  Fluctuation 
also  occurs,  and  is  much  more  distinct,  when  an  ab- 
scess has  foimed  in  the  chest  wall.  Such  an  abscess 
may  be  due  to  disease  of  the  bones  or  soft  parts 
forming  the  parietes  of  the  thorax,  or  to  pus  which 
has  broken  through  from  the  pleural  cavity  {empyema 
necessitatis).  In  the  latter  case  the  pus  may  often 
be  driven  back  by  gentle  pressure,  to  reappear  when 
the  patient  coughs. 

When  these  preliminary  observations  have  been 
completed,  the  observer  should  direct  his  attention  to 
the  form  of  the  thorax.  Here  the  hand  is  best 
aided  by  mechanical  appliances,  such  as  the  cyrto- 
meter,  and  by  simple  measurements.  Tracings  and 
measurements  should  be  taken  at  the  periods  of  full 
expiration  and  inspiration.  In  a  well-formed  adult 
male  the  girth  of  the  chest  at  the  level  of  the  nipples 
should  be  34  inches  at  the  end  of  expiration,  and 
should  measure  at  least  two  inches  more  when  a 
deep  inspiration  has  been  taken.  Height,  age,  and 
build  of  course  greatly  modify  these  measurements, 
and  insurance  returns  indicate  that  different  races 
vary  very  considerably  in  chest  girth.  It  is  generally 
far  more  important  to  ascertain  the  increase  of  girth 
between  expiration  and  inspiration,  both  full  and 
ordinary,  than  to  determine  the  exact  circumference 
of  the  chest  at  either  phase. 

If  the  shape  of  a  cross  sectioii  ol  \3tve  c)<[vfe^\.  \.^ 
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required,  a  tolerably  efficient  cyrtometer  Cftn  bc 
iraprovised  by  connectbig  two  pieces  of  flatteneil 
composition  gas-pipe,  eacli  almut  two  feet  long,  by  a 
hingB  of  elastic  tube.  The  binge  should  bo  plac»l 
over  the  spine,  and  the  metal  pipe  moulded  to  the 
siii'face  of  the  chest.  It  can  then  be  opened  at  the 
hinge  and  closed  again  over  a  piece  of  jwiper,  to 
which  the  outline  should  be  transferred  if  a  per- 
manent record  is  desired.  To  prevent  any  risk  of 
subsequent  confusion,  the  back  and  right  side  of  the 
tracing  should  at  once  be  marked  as  such,  and  a  lice 
should  be  drawn  from  the  position  of  the  hinge  to 
the  point  in  front  wbioh  corresponds  with  the  middle 
of  the  sternum.  The  length  of  this  line  may  be 
checked  by  a  pair  of  callipers,  as  a  precaution  against 
accidental  bending  of  the  cyrtometer  during  its 
transference  from  the  patient  to  the  sheet  of  paper. 
For  convenience  in  piyservatJou  a  reduced  copy  of 
the  tracing  may  lie  made  by  means  of  a  pantograph  ; 
if  this  is  done  a  note  of  the  exact  proportion  Vjetween 
the  original  and  the  copy  should  be  recorded  on  the 
latter.*  There  is  do  dithculty  in  applying  the  same 
simple  instrument  BO  as  to  obtain  t^e  outline  of  the 
cheat  in  other  planea  than  the  horizontal.  Thus,  by 
placing  the  hinge  above  the  shoulder,  tlie  two  pieces 
of  pipe  may  be  caixied  down  the  parasternal  line  in 
front  and  in  a  corresponding  line  behind,  whilst,  by 
sharply  landing  their  lower  ends  outwai'ds,  they  may 
lie  umdu  to  cross  each  other  in  the  axillary  line  and 
tlie  point  of  intersection  marked.  The  inatument 
is  then  opened  at  the  liiiige  and  readjusted  over  tin; 
l>n|ier  ho  as  to  yield  the  desired  tracing. 

The  uaturc  of  the  rcspiraiorf  ■■iuvoni«nl« 

*  Tariaus  more  elaborate  inatrumeuta  have  boon  derued, 
bat,  thougli  iugtniioiu,  tbey  are  cuiubroiu,   aud  c 
u>t  of  ^rval  cluucol   use.    The   beat  of  t'  '' 

rgim'a  perigr^ih. 
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must  next  be  studied.  It  is  important  to  make 
certain  that  the  two  sides  of  the  chest  move  to 
approximately  the  same  extent.  This  is  done  hy 
fixing  the  finger-tips  of  either  hand  at  the  patient's 
sides,  and  making  the  radial  borders  of  the  thumbs 
meet  in  the  middle  line  in  front  of  the  chest.  The 
hands  being  kept  rigid,  the  patient  is  directed  to  take 
a  full  inspiration,  when  the  distance  of  departure  of 
the  thumbs  from  the  middle  line  indicates  the  extent 
of  expansion  of  either  half  of  the  chest. 

Sometimes  one  half  of  the  thorax  lags  behind  the 
other ;  this  is  readily  detected  by  the  hands  no  longer 
moving  synchronously. 

The  movements  at  the  apices  may  be  similarly 
observed.  In  this  case  the  physician  stands  behind 
the  patient,  and  fixing  his  thumbs  on  the  vertebrae, 
lets  his  fingers  lie  over  the  right  and  left  lung  apices 
reaching  towards  the  clavicles  whilst  the  patient 
breathes  deeply.  Thereafter  one  hand  should  be 
placed  on  front  of  the  chest,  and  the  other  on 
the  epigastrium.  In  health,  as  the  chest  expands, 
the  epigastrium  is -also  raised  to  a  greater  or  less 
degree.  If  the  epigastrium  fall  in  with  each  expan- 
sion of  the  chest,  there  is  reason  to  suspect  paralysis 
or  flaccidity  of  the  diaphragm.  Fixation  of  the 
diaphragm  with  immobiUty  of  the  epigastrium  during 
respiration  is  generally  due  to  abdominal  disease 
(«ee  p.  67). 

Tibrations  may  be  detected  by  palpation.  For 
this  pwrpose  the  palm  of  the  hand  sJiould  be  applied 
Jlai*  on  the  cliest,  and  since  the  sensitiveness  of  the 
two  hands  is  often  unequal,  the  same  one  s/umld  be 
employed  on  both  sides.  In  addition  to  the  vibra- 
tions already  referred  to  in  the  chapter  on  the  heart, 
fremitus  may  be  due  to  pleural  friction,  to  catarrhal 
changes  in  the  mucosa  of  the  bronchi,  leading  to 
local  constrictions,  or  to  fluid  in  the  broivQ,\\\  ot  \xi 
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pulmonary  cavities.  After  the  presence  or  abseuce 
of  diese  forms  of  fremitus  has  bee^it  dett^rrnined, 
the  observer  should  study  the  vavul  rremUus,  or 
vibrations  which  the  voice  commnniciites  to  tlie  chest 
wall.  These  are  conducted  from  the  larynx  by  the 
trachea  and  bronchi  to  the  antaller  tubes  within 
the  lungs,  and  thence  through  the  lung  tisHue  to  the 
Bui'face.  Anything  which  nflects  the  conductiug 
power  of  the  air-paaaagea  or  lung  tissue,  or  the 
interposition  of  additional  materials  through  which 
the  vibration  must  pass  to  reach  the  palpating  hand, 
will  obviously  affect  the  intensity  of  the  fremitus. 
To  test  tlie  vocal  fremitos,  the  patient  is  told  to 
repeat  "  one,  one,  one,"  or  "  ninety-nine,"  in  a.  clear 
voice.  The  hand  placed  on  the  thorax  detects  distinct 
vibration  whilst  this  is  done,  and  it  must  be  deter- 
mined whether  the  vibrations  in  corresponding  areas 
on  the  two  sides  of  the  chest  are  approximately  equal 
in  intensity — not,  however,  forgetting  that  where  the 
heart  encroaches  on  the  left  lung  the  fremitus  is 
necessarily  much  diminished — and  also  whether  they 
correspond  to  what  former  experience  has  led  the 
observer  to  i-ecoguise  as  normal  for  the  region  under 
examination,  for  a  similar  chest  and  like  pitch  and 
loudness  of  voice.  Vocnl  fremitus  is  Incrensed 
when  the  voice  is  of  a  deep  pitch,  when  the  cheat  wall 
is  rigid,  and  often  when  it  is  thin,  as  also  when  the 
lung  is  consolidated,  or  contains  a  cavity  near  its 
surface.  Since  the  right  bronchus  is  wider  and 
shorter  than  the  left,  whUst  the  septum  separating 
the  two  bronchi  occupies  a  position  to  the  left  of 
the  centre  of  the  trachea,  the  laryngeal  sounds  pass 
more  freely  along  the  right  than  they  do  along  the 
left  bronchus,  and  therefore  the  vocal  frcuiituB  is 
normally  somewhat  greater  over  the  right  lung  than 
over  the  left. 

Vocal   fremllDS    i»   dlmiuistaed    when    the 
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pitch  of  the  voice  is  high,  when  the  chest  wall  i^ 
thick,  and  especially  when  there  is  much  thickening 
of  the  pleura.  It  is  greatly  diminished,  or  totally 
absent,  when  the  lung  is  separated  from  the  chest 
wall  by  pleuritic  effusion.  The  cause  in  this  case  is 
not  that  fluid  is  a  bad  conductor  of  sound  or  of  vibra- 
tion— the  reverse  is  the  case — but  because  the  relaxed 
lung  itself  fails  to  convey  the  local  fremitus,  and  so 
the  vibrations  never  reach  the  fluid.  In  young 
persons  and  in  female  subjects  the  vocal  resonance 
*is  different  both  in  character  and  intensity  from  that 
which  occurs  in  male  adults.  The  differences  are  due 
to  the  different  conformation  and  degree  of  rigidity  of 
the  thorax,  and  to  the  distinctive  pitch  and  quality  of 
the  voice  in  each  instance.  The  resistance  of  the 
chest  to  compression  is  best  estimated  by  placing  the 
hand  over  the  sternum  whilst  the  patient  is  lying 
down,  and  attempting  to  press  it  backwards  towards 
the  vertebral  column.  The  rigidity  naturally  in- 
creases with  advancing  age,  but  observations  also 
indicate  that  in  certain  diseases  {e,g,  in  phthisis  and 
in  emphysema)  the  rigidity  often  becomes  greater 
than  usual.  Where  this  is  so  the  prognosis  is 
rendered  less  favourable,  as  free  expansion  of  the 
lung  is  hindered. 


SECTION    IV.— PERCUSSION. 

Percussion  determines : — 

A.  The  boundaries  of  the  lungs  [topographical  percussion] . 

B.  The  resonance  of  the  lungs. 

(a)  Normal  variations  in  different  parts. 
(6)  Abnormal  alterations. 

r  Increase  [hyper-resonance]. 
1.  Quantitative '  Diminution^  in  varying  degrees,  from 

1^    slight  impairment  to  a.b&oVaXj^  ^\i\si<sjesi. 
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I'hij'h- pitched. 
1,  Qualitative  : — TympnnitiC'l  mediutn-pitch«d. 

I  low-pitched. 
Skodaic 
Boiy. 

Cracted-Pot. 
Bell  nDnnil  [coin  percnsdon). 

But  little  need  be  added  here  to  what  has  been 
.Iready  stated  in  a  previous  chapter  regarding  the 
theory  of  percussion.  It  luust  be  recollected  that  it 
is  a  most  difficult  task  to  give  even  a,  partial  explana' 
tion  of  the  phenomena  observed  from  the  standpoint 
of  phjeioa,  and  ia  practice  it  ie  rarely  necessary  to 
appeal  to  theory,  as  a  long  experienoe  has  enabled 
physicians  to  attach  certain  meanings,  more  or  less 
empiricaUy,  to  various  percussion  phenomena. 

It  may,  however,  help  the  student  to  appreciate 
the  various  sounds  when  he  hears  them,  if  a  fe^  of 
the  main  factors  in  their  causation  are  recapitulated. 

Firstly  we  have  to  consider  the  materials  which 
produce  the  sound.  These  are  the  pleximeter,  the 
chest  wail  beneath  it,  and  the  subjacent  viscus  so  far 
as  it  comes  within  flie  range  of  action  of  the  percus- 
sion stroke.  The  pleximeter  sound,  by  the  choice  of 
a  suitable  material,  may  either  be  rendered  insij;nifl- 
cant,  or,  in  consequence  of  its  special  qualities, 
immaterial  in  its  effect  on  the  resonance.  The 
cheat  wall  yields  a  sound  varying  with  the  part 
struck,  and  depending  for  its  quality  on  whether 
sternum,  clavicles,  ribs,  or  soft  parts  underlie  the 
pleximeter.  The  sound  due  to  the  wall  is,  however, 
quite  subordinate  to  that  of  the  organ  lying  beneath 
when  the  latter  contains  air,  and  when  the  percussion 
stroke  is  firm  enough. 

The    cbaracter    ol    the    sound    produced 

■varies   quantitatively   and  qualitatively,  the  quanti- 

vaiiationa  depeudin^  on  the  force  of  the  blow 
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deliyered,  and  on  the  capacity  of  the  part  stmck  to 
resound  to  the  blow. 

The  quality  of  the  sound  depends  on  the 
particular  vibrations  which  are  elicited,  and  on  the 
selective  reinforcement  of  some  of  them  by  the 
resonance  of  the  organs  involved. 

When  the  air  in^  a  cavity  of  sufficient  size  and 
appropriate  shape  is  set  into  vibrations  which  are  not 
modified  by  excessive  tension  of  the  contaiiung  walls  of 
the  space,  the  soxmd  heard  has  a  tympanitic  character, 
but  when  the  cavity  is  subdivided  into  a  number  of 
small  loculi  by  numerous  septa,  more  or  less  tense, 
a  characteristic  resonance,  no  longer  tympanitic,  is 
produced.  Such  conditions  prevail  in  the  healthy 
lung,  and  the  observer  must  learn  by  assiduous  prac- 
tice to  recognise  its  distinctive  quality.  In  general 
terms  this  pulmonary  resonance  may  be  said  to  be 
low  in  pitch  and  clear  in  character. 

In  percussion  over  the  lung  we  endeavour  to  a& 
certain  three  sets  of  facts :  firstly,  the  position  of  the 
apices  and  lower  border  of  the  lungs,  and  also  of  that 
portion  of  the  anterior  border  of  the  left  lung  which 
lies  over  the  heart ;  secondly,  the  state  of  the  lungs 
in  regard  to  the  quantity  of  air  contained  in  their 
various  parts,  and  the  tension  of  their  elastic  frame- 
work; and,  thirdly,  whether  they  are  unusually 
remote  from  the  surface  of  the  chest,  the  separation 
being  due  to  thickened  parietes,  or  fluid  or  gas  in  the 
pleural  cavity. 

The  apices  and  borders. 

Owing  to  the  slope  of  the  surface  of  the  neck, 
resonance  can  usually  be  observed  in  health  for  one 
and  a  half  to  two  inches  above  the  level  of  the 
clavicle.  The  apices  are  either  equally  high  above 
the  clavicles,  or  the  right  may  reach  a  shade  higher 
than  the  left ;  if  the  right  is  a  little  lower  than  the 
lef t>  or*  the  left  decidedly  lower  than  thb  t\^\i^  \iaKtfe 
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IB  a  probability  of  past  or  present  disease  in  the  V 
whose  apes  fails  to  attain  the  normal  HmilB.  SJiould 
botb  api<!es  be  vary  low  in  level,  tliere  may 
of  both  lungs.  In  emphysotna.  both  iipices  are  gener- 
L.«l]y  found  considerably  higher  than  in  Ikealth.  Whrai 
I  the  examination  is  made  the  patient  must  look  straight 
F  before  hiin,  not  turning'  the  head  to  the  eide  awajr 
from  the  examiner,  hs  this  alters  the  tension  of  the 
muBcles  over  the  luug.  The  percussion  stroke  shooJd 
be  moderately  strong,  and  care  sliould  be  taken  that 
it  is  delivered  quite  perpendicularly  to  the  soi-face. 
Wherever  there  is  any  doubt  of  the  apices  of  the  lungs 
being  normal  the  whole  course  of  their  upper  bordera 
should  be  determined.  Commeacing  pusteriorly  at 
the  level  of  the  spine  of  the  vertebm  pi'omiiienB,  the 
liiuit  of  lung  resonance  in  health  |>assea  outwa^da 
aJong  a  line  which  curves  gradually  upwards  to  reach 
the  anterior  border  of  the  trapezius,  about  an  inch 
and  a  half  above  the  level  of  the  clavicle.  Thence  it 
passes  obliquely  downwards  and  forwards  until  it 
approaches  the  outer  border  of  the  sternomaatoid, 
when  it  inclines  more  directly  downwards  towards 
the  clavicla  Sometimes  it  liardly  reaches  so  for 
forward  as  the  sternom Histoid,  at  other  times  the  Una 
runs  along  the  surface  of  the  muscle.  In  cases  whet's 
the  tracheal  resonance  interferes  with  the  precise 
delimitation  of  the  lung,  the  ditliculty  may  be  avoided 
by  making  the  patient  open  his  mouth,  tims  altering 
the  pitch  of  the  tracheal  percussion  note. 

'["he  lower  border  ol  the  ri^lit  InDg  lies  over 
the  liver,  and  is  thin ;  therefore  its  exact  situation  ia 
beat  made  out  liy  light  percussion.  Posteriorly,  how- 
ever, the  muffling  due  to  the  thick  muscles  and  fat  of 
the  back  makes  it  nocessary  to  percus?  more  firmly. 
When  the  patient  is  obese,  very  heavy  peroussioti 
with  ai'verai  lingei-a  may  be  uctessary  in  unlor  to 
metiMa  the  jHuietos,  t^d  bnn«  the  lun^ 


Percussion,  259 

within  the  sphere  of  influence  of  the  blow.  In  quiet 
re,'ipi ration  the  lower  border  is  found  to  lie  in  the 
mammary  line  at  the  sixth  rib,  in  the  mid-axillary  line 
at  the  eight  rib,  in  the  scapular  line  at  the  tenth 
rib,  and,  nearer  the  vertebral  column,  as  low  as  the 
tenth  space. 

On  the  left  side  the  lower  border  overlaps  the 
stomach,  and  so  the  transition  is  not  from  lung 
resonance  to  dulness,  but  to  tympanitic  stomach 
resonance.  Posteriorly,  however,  the  splenic  dulness 
and  the  dulness  of  the  various  solid  structures  which 
lie  below  the  lung  near  the  spine  are  interposed, 
so  that  the  conditions  resemble  those  found  on  the 
right. 

The  position  of  the  lower  border  corresponds 
pretty  closely  with  that  on  the  right  side ;  it  may, 
however,  be  found  a  trifle  farther  down.  In  old 
people  the  lower  borders  of  both  lungs  extend  beyond 
these  limits,  in  children  they  do  not  reach  them  by 
about  a  rib's  distance  lower  and  higher  respectively. 

The  anterior  border  of  tiie  iel%  Inng 
emerges  from  behind  the  sternum  at  the  level  of  the 
fourth  costal  cartilage,  and  forms  the  upper  and  left 
limits  of  the  area  of  superficial  cardiac  dulness. 

The  limits  described  are  exceeded  in  very  deep 
inspiration,  and  in  diseases  such  as  emphysema,  where 
the  volume  of  the  air-containing  lung  is  increased. 
In  pneumothorax  the  lower  border  of  resonance  is 
often  considerably  below  the  limits  assigned,  and  the 
character  of  the  sound  is  diflerent  (p.  264). 

The  limits  are  not  attained  when  the  lungs  are 
shrunken  or  consolidated,  when  increased  abdominal 
pressure  interferes  with  the  normal  level  of  the 
diaphragm,  or  when  there  is  etfusion  in  the  cavity 
of  the  pleura.  In  this  case,  should  the  eflusion  be 
left  sided,  instead  of  passing  in  the  anterior  axillary 
line    from    lung  resonance  to  tyiBi^a.m\.vi  ^Wcaa*^ 
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resonance,  a  band  of  dulneas  will  bci  found  hetween 
the  two  resonant  areas ;  and  since  the  lower  limit  of 
the  pleural  sac  reaches  nearly  four  incliea*  lower  at 
Ibis  point  than  the  inferior  border  of  the  lung,  the 


Fdnlness  will  pass  downwards  to  a  lower  level  than 
the  normal  lung  resonance  does,  and  TrauUe's  area 
(p.  67)  will  be  enci-oached  upon  (Fig.  76).  In  oon- 
Boti'lation  of  tha  lung,  on  the  contrary,  this  area  wUI 
Bot  be  diminished. 

Having  outlined  the  lungs,  the  c1iaract«r  of  the 

Bion  sound   over  their   various  parts   must  be 

«  Mdwerio  oouditioa  Liuutika  giiea  it  u  10  so. 


Percussion,  261 

studied.  Beginning  in  front,  the  examiner  should 
tap  lightly  on  the  most  prominent  point  of  each 
clavicle— being  careful  to  ascertain  that  the  points 
examined  correspond  exactly  with  each  other — and 
should  observe  the  quality  of  the  sound,  and  par- 
ticularly determine  whether  under  like  conditions  of 
percussion  the  efiects  on  either  side  are  identical. 
Thereafter  the  other  corresponding  areas  on  either 
side  should  be  carefully  compared,  many  points  being 
systematically  percussed  in  each  area.  The  presence 
of  the  heart  will  obviously  interfere,  in  certain  parts 
of  the  left  side,  with  the  development  of  a  sound  re- 
sembling that  on  the  corresponding  point  on  the 
right. 

When  the  front  has  been  fully  examined,  the 
observer  should  percuss  in  both  axillary  and  infra- 
axillary  regions — the  patient  meanwhile  holding  his 
hands  joined  above  his  head;  lastly,  the  various 
areas  posteriorly  should  be  worked  out ;  the  patient, 
if  able  to  sit  up,  being  instructed  to  fold  his  arms  and 
bend  slightly  forwards. 

It  is  most  essential  at  all  parts  of  this  examination 
that  the  patient's  attitude  be  a  comfortable  one,  so  as 
to  avoid  any  unilateral  strain  on  his  muscles,  and  that 
his  arms  and  shoulders  should  be  placed  symmetrically. 
The  head  must  not  be  inclined  to  either  side. 

If  any  of  the  regions  are  unusually  hollowed  so 
that  the  finger  cannot  be  readily  adapted  to  them,  a 
small  cork  will  be  found  to  make  a  good  pillar 
pleximeter. 

Should  the  patient's  chest  be  unsymmetrical  {e.g. 
from  spinal  curvature),  the  observer  must  not  expect 
equal  resonance  on  the  two  sides. 

In  a  healthy  individual  the  resonance  in  the 
various  regions  will  exhibit  the  following  character- 
istics : — 

Apices. — Clear,  not  very  intense,  aa\.YlftNi^st^^ASJk% 
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^^^V.maSH  is  Biiiall,  and  teudiug  to huveu slight tjmpanitio 
^^^^qnality  added  as  the  trachea  is  approached.  The 
^^^P  right  apex  is  usually  rather  less  reKoniiat  than  the 
^™    left. 

f  Claviciiiur    regions.— '^^nto^     end.       Clear, 

moderately  intense,  with  tymjiaiiitic  element  due  to 
trachea.  Centre.  Clear,  more  inteuse  than  in  supra- 
clavicular or  outer  clavicular  regions.  Devoid  of 
tympatitcity.  Outer  end,  as  centre,  but  less  intense. 
Inlra-clHvlcular  regions.— Clear  and  inteuse. 
Slightly  tympanitic  near  atemum. 

naiuinnry  i-eglons. — Hei-e  there  is  naturally 
a  difference  between  the  two  sides ;  on  the  right,  the 
lung  is  encroached  on  in  the  lower  part  of  this  area 
by  tlie  liver ;  on  the  left,  the  heart  occupies  a  ^ 
deal  of  the  space,  and  the  stomnch  note  is  eliciti:d 
through  the  thin  lung  at  the  lower  part.  In  general, 
however,  the  pulmonary  resonance  is  clear  and  fairly 
intense,  except  where  the  neighbouring  organs  come 
within  the  range  of  vibration.  The  chest  wall  here 
is  thicker  from  the  present-e  both  of  the  pectoral 
masoles  and  the  mammary  gland,  and  the  sounds 
elicited  are  consetjiiently  more  muffle/i. 

In  the  infra-mninmnry  regions  t 
are  greatly  influenced  by  the  neighWirhood  of  the 
liver,  the  colon,  and  the  stomnch,  The  lun^'sound, 
however,  is  clear,  though  not  intense,  the  thin  layer  of 
lung  becoming  rapidly  emptier  of  resonance  o 
lower  border  is  approached. 

In   the   nxlllary   rcfcions  the  sound    is 
intense  and  clear  than  elsewhere,  diminishing  how- 
■erer  in  intensity  at  the  lower  part  of   each  lateral 

Fosleiiorly,  the  great  masses  of  muscle  which 
clothe  the  back  mnffle  the  rrEonancu  imd  make  it 
feelikr  ;  and  therofiin!  linner  percussion,  ofti-n  w 
wvenU  fingiTB    n  nt^u'imL     I'lie  Hca|iular  region  is 
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most  muffled,  the  infra-scftpular  least  bo.  The  inters 
scapular  and  Bnpra-Bcapolar  regions  are  intermediate 
in  quality. 

In  disease,  theresonance  majrbe  affected  (1)  quan- 
titatively and  (2)  qualitatively. 

Beoonaiice  Is  increased  in  emphysema 
(slightly),  bat  at  the  same  time  the  pitch  is  raised 
by  the  greater  t^iwon  of  the  ohest  wall,  and  this  in 


some  cases  not  only  prevents  the  increased  r 
from  being  observed,  but  almost  suggests  dnlness. 

When  the  lung  tissue  is  relaxed,  but  still  contains 
air,  the  effect  of  the  septa  which  subdivide  the  air 
columns  is  for  the  most  part  aboliijhed,  and  the  sound 
becomes  distinctly  tympanitic.  At  the  same  time  the 
resonance  is  increased  in  intensity.  This  is  some- 
times called  Skodalc  resonance,  and  occurs  abnve 
the  level  of  a  pleural  effusion,  or  in  the  upper  portion 
o^  a  lung  whose  lower  lobe  is  affected  hy  pne»iuvi«^.va 
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"eooHolidation-     When  air    liaa   found    its  way  into 

3  plearal  cavity,  the  aonnd  is  as  a  rale  intensely 

tympamtio,  unless  the  air  be  under  considerable  prea- 

A   characteristic  form   o£  high-pitched    tym- 

lanitio  resonance  may  he  heard,  in  [ineiimothorax,  by 

"  n  over  the  front  of  the  chest  with  a  couple  of 

coins ;   one  being   used  as  a 

V  plesBor   and  the   other  as  a 

^~--«s._^     plexi  meter,    whilst    the    ob- 

f^^  7^""^^  ^"^  server  liatena  at  the  back  of 

I         if^^   ^^!ti       ^  *'^^  patient     In  very  marked 

I  \  (fiJ^^  ^3!il         cases  the  sound  is  soft  and 

1  ^^^^?^SSi  musical,  and  has  been  com- 

l^^^^'^N^         pared   to  the   chiming   of    a 

I iW'^        ^W\        distant  church  bell;  in  cases 

^^^H         \  /         that   are   less  pronounced  it 

^^^B         I  \         approximates   rather    to  the 

^^^1        K  J\       stroke   of   a   hammer  on   an 

^^^H       /    ^.  /    \       anvil    when    heard    a    long 

^^^^1      I       N — r  \      way  off. 

^^^^      I  ^  j  Cavities  in  the  lung,  or 

^^^^B^  the  presence  of  large  or  me~ 

^^^^Suifmip  tbTftQ'n*''''{oI[^i''.)' dium    bronohi   within   range 
P  of  the  percussion  stroke,  like- 

I  wise   cause   the   sound    to    become   tympanitic     A 

'  tympanitic  sound,  which  may  closely  reaemblo  that 

caused  by  the  presence  of  a  vomica,  is  heard  when 
the  portion  of  lung  which  lies  between  the  trsichea  or 
primary  bronchi  and  the  surface  becomes  consoli- 
dated. This  sound  is  sometimes  called  "Williams's 
tracheal  resonance,"  and  is  most  frequently  discovered 
in  the  first  or  second  intercostal  spaces  near  the  ster- 
num.   It  ia  by  no  means  an  uncommon  phenomenon. 

KcsoDRncc  is  diiDiiiislicd  in  cases  where  the 
pleura  is  thickened,  or  whei-e  there  ia  consolidation 
of  the  lung,  either  of  a  whole  lobe,  as  occurs  in  pneu- 
monia, or  of  small  patches,  as  in  early  phthisiiL     In    , 
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the  latter  instance  a  particular  strength  of  percussion 
stroke  will  in  each  case  be  found  to  develop  the 
dulness  to  the  best  advantage,  according  to.  the  size 
of  the  solid  patch  and  its  distance  from  the  surface. 
When  fluid  is  present,  as  in  hydrothorax  or  pleurisy 
with  effusion,  the  dulness  is  absolute,  and  an  unusual 
sense  of  resistance  is  experienced  by  the  pleximeter 
finger.  In  pleurisy  with  effusion  the  upper  limit  of 
the  fluid  generally  follows  a  curved  line,  as  is  shown 
in  the  accompanying  figures  (Figs.  77,  78,  79). 

In  the  case  of  patches  of  solid  lung  substance,  the 
airless  portion  is  often  surrounded  by  a  shell  of  tissue 
in  which  the  septa  are  relaxed.  The  result  of  per- 
cussion over  this  composite  arrangement  is  to  produce 
a  sound  whose  resonance  is  less  intense  and  emptier 
than  the  healthy  lung  would  yield,  whilst  what  is  left 
of  it  assumes  a  sub-tympanitic  quality.  The  effect  is 
described  as  a  boxy  or  urooden  soand« 

Several  peculiar  sounds  which  are  produced  by  per- 
cussion in  pathological  conditions  remain  to  be  noted. 

Cracked-pot  sound. — This  is  due  to  a  sudden 
expulsion  of  air  through  a  constricted  orifice.  It 
occurs  in  cases  where  percussion  is  practised  over 
a  cavity  which  communicates  with  a  bronchus  of 
moderate  size,  and  is  most  distinct  when  the  mouth 
is  opened.  It  has  a  hissing  character,  combined  with 
a  chinking  sound  like  that  produced  by  shaking  coins 
together.  It  is  also  heard  in  certain  cases  of  thoracic 
fistula,  and  occasionally  in  pneumothorax,  as  well  as 
in  the  relaxed  lung  above  the  level  of  fluid  in  pleurisy, 
and  near  the  consolidated  area  in  pneumonia.  If 
healthy  children  are  percussed  whilst  they  are  crying, 
a  oracked-pot  sound  is  often  produced. 

Amphoric  resonance* — This  phenomenon  is 
due  to  the  selective  reinforcement  of  certain  vibra- 
tions by  a  large  cavity  ;  by  this  means  the  overtiCiWRs^ 
are  accentuated  and  die  out  more  slowly. 
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The  following  alterations  In  percussion  sounds  may  be  ob- 
served under  certain  pathological  conditions ;  their  explanation 
is  for  the  most  part  simple  from  a  physical  standpoint : — 

(a)  Tympanitic  resonance,  when  due  to  the  presence  of  a 
pulmonary  cavity  which  communicates  with  a  bronchus,  is 
raised  in  pitch  when  the  patient  opens  his  mouth. 

[h)  The  pitch  of  the  percussion  sound  over  a  cavity  varies 
with  the  position  of  the  patient.  The  most  obvious  explanation 
is  that,  if  the  cavity  be  partly  filled  with  fluid,  this  varies  in 
position,  and  so  alters  the  shape  of  the  cavity  when  the  patient 
changes  his  attitude.  Other  factors,  however,  often  enter  into 
the  interpretation  of  this  change. 

{c)  The  resonance  over  a  cavity  becomes  higher  in  piteh 
during  inspiration,  and  lower  during  expiration.  The 
phenomenon  depends  on  the  tension  of  the  wall  of  the  cavity. 

(^  Tn  pneumothorax  the  metallic  resonance  is  higher  in 
piteh  when  the  patient  is  lying  down  than  when  he  sits  up. 

In  certain  conditions  of  malnutrition  the  muscles 
on  the  front  of  the  thorax  are  unduly  irritable.  In 
these  circumstances  a  light  tap  over  the  sternum  pro- 
duces fibrillary  contractions,  at  some  distance  off,  in 
the  pectoral  muscles.  This  phenomenon  often  occurs 
in  phthisis,  and  is  known  as  myotatic  irritability. 

SECTION  v.— AUSCULTATION. 

Auscultation  determines : — 

A.  Character  of  respiratory  sounds. 

NormaL 
Puerile. 
Harsh. 

Jerky  or  cog-wheeL 
Feeble  or  absent. 
With    prolonged    expira- 
tory murmur. 
(J)  Bronchial   breath-        ^  r  Low-pitehed  (cavernous). 

ing  (guttural  [ch]  t    g  )  Medium  nitehed 
or    aspirate    [ha]       '^)  ^eaium-pitcnea. 

in  character)  ©  (.High-pitched  (tubular). 

IT.   Amphoric  rLow-pitched. 
(with  an  echoing-!  Medium-pitehed. 
quality  added)      tHigh-pitehed. 
leterminate  or  broncho-vesicular  breathing. 


(«)  Vesicular       breathing  ^ 
(rustling  in  character) 


(a)  B&les 
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B.  Yocal  resonance. 

rSlight. 
C  Inortmu    \  Marked,  Bronchophony. 

(a)  Quantitative    \  tExtreme,  Pectoriloquy, 
changes          1                   r  Slight. 

\I)9ormu    \  Marked. 

I  Entire  ahsence. 

(*)  QuaHtati^  oh«g«  {  ^g^riS^^^^o.. 

0.  Accompaniments. 

f  Drv  f  ^^^^^'^^  ^'  high-pitched. 

(Rhonchi)  1  Medium.pitdied. 
^  '  I  Sonorous  or  low-pitched. 

(JViwi  -  retonani     or  I  w  ?r 
i^MOfian^  (metaUic)  \  Medium, 
or  consonant        |  Ooarse. 

(b)  Friction  sounds. — Fine,  medium,  coarse. 

(e)   Splashing  sounds.— (Hippocratic  succussion). 

In  auscultation  three  observations  must  be  made 
at  each  point  examined :  First,  the  character  of  the 
breath  sounds;  second,  the  character  of  the  vocal 
resonance;  and  third,  the  presence  or  absence  of 
other  sounds. 

In  order  to  make  these  observations  with  facility, 
the  examiner  should  attend  to  the  attitude  of  t)ie 
patient,  which  must  be  as  symmetrical  and  as  uncon- 
strained as  circumstances  will  permit.  This  is  easily 
attained  when  the  patient  can  sit  up ;  but  if  he  is 
unable  to  do  this  he  should  be  rolled  round  iirst  to 
one  side  and  then  to  the  other,  in  order  that  the  back, 
and  especially  the  bases  of  the  lungs,  may  be  thoroughly 
examined.  The  student  must  remember  that  in 
serious  cases  great  injury  may  be  done  to  a  patient 
by  too  prolonged  an  examination.  Care  must  be 
taken,  especially  when  an  ordinary  single  stethoscope 
is  used,  that  the  chest-piece  is  accurately  applied,  and 
that  no  undue  pressure  is  exerted.     The  patv^Ti^  \cvN\sXk 
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be  directed  to  breathe  through  the  nose,  re^nkirly 
and  fairly  deeply,  but  not  noisily. 

There  are  two  typical  varieties  of  breath -sou  ud, 
both  of  which  are  audible  in  health  at  certain  parts 
of  the  chest,  and  these  nrnst  he  carefully  studied. 
The  first  is  knomi  as  vesicular  breathing,  the  second 
afl  bronchial.  The  former  is  heard  over  healthy  lung 
tissue,  the  latter  over  the  trachea  and  main  bronchi. 

In  veslciilsr  brealhiitgi  which  can  be  heard 
typically  in  the  axillary  and  infra-scapular  regions 
of  a  lioalthy  individual,  the  following  facta  will  be 
nottd : — 

The  inspiratory  sound  is  fairly  intense,  and  is 
aadible  during  the  whole  of  the  act.  The  pitch  is 
low,  and  the  quality  is  characteristic,  being  somewhat 
rustling.  It  is  this  quality  which  is  Bpeciallj  de- 
aci'ibed  as  vesicular. 

The  expiratory  sound  follows  that  of  inspiration 
without  a  distinct  pause — unless,  as  not  nnfrequently 
happens,  the  patient  holds  his  breath  for  a  second  at 
the  end  of  inspiration — it  is  less  intense  than  the 
inspiratory  sound,  is  lower  in  pitch,  and  lacks  the 
vesicular  quality,  being  more  of  a  simple  blowing 
sound.  It  only  remains  audible  during  the  earlier 
part  of  the  expiratory  phase,  and  under  normal  con- 
ditions the  inspiratory  sound  is  heard  for  at  least 
twice  as  long  as  the  expiratory. 

To  learn  to  recognise  broncltinl  breathing, 
the  student  should  listen  over  the  trachea,  though 
he  must  not  expect  to  hear  so  intense  a  type  of 
bronchial  respiration  when  he  subsequently  examines 
a  diseased  lung. 

The  inspiration  sound  is  moderately  intense.  It 
becomes  inaudible  shortly  before  the  end  of  inspira- 
tion. Its  pitch  is  much  higher  than  that  of  vesicular 
*"-iathing,  and  the  quality  is  blowing  or  hollow,  with 
"     HtfnJ  or  aajiirute  intonation. 
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The  expiration  sound  is  generally  more  intense 
than  'the  inspiratory ;  the  pitch  is  often  higher ;  the 
duration  extends  throngh  the  greater  part  of  expira- 
tion, being  as  long  as,  or  even  longer  than,  the  in- 
spiratory sound,  from  which  it  is  divided  by  the  silent 
period  that  marks  the  end  of  inspiration.  In  quality 
it  exactly  resembles  the  inspiratory  sound,  being 
aspirate  or  guttural  in  character.  This  quality  is 
sometimes  described  as  *'  tubular,"  but  the  same  name 
is  also  applied  to  one  of  the  varieties  of  bronchial 
breathing,  and  so  is  better  avoided. 

The  principal  variations  which  can  be  detected  in 
vesicular  breathing  are  as  follows : — 

1.  Puerile. — The  sounds  are  harsher  than  in  the 
adult,  but  have  a  similar  duration. 

2.  Harsli,  with  prolongation  of  expiration,  the 
character,  however,  remaining  vesicular.  This  fre- 
quently indicates  loss  of  elasticity  of  lung  tissue; 
hence  it  often  occurs  in  early  phthisis,  but  may  occur 
in  bronchitis. 

3.  Jerky,  Interrupted,  or  "  coif-whccP' 
inspiration. — Here  the  sound  is  not  continuous, 
but  occurs  in  waves  or  sharp  jerks.  This  indicates 
irregular  expansion  of  the  alveoli,  due  to  unequal 
elasticity  in  various  parts  of  the  lobules,  and  is 
therefore  not  unfrequently  present  in  early  phthisis. 
It  may  also  result,  however,  simply  from  nervousness, 
and  to  carry  any  weight  as  a  physical  sign  it  must  be 
well  marked  even  on  deep  inspiration.  Even  then, 
however,  it  may  mean  little  or  nothing,  and  should 
only  take  a  very  secondary  place. 

4.  The  respiratory  murmur  may  be 
feeble,  or  even  inaudible.  In  quiet  breathing  the 
expiratory  sound  is  often  quite  absent.  By  making 
the  patient  breathe  more  deeply  the  murmur  may 
be  rendered  audible.  When  marked,  this  coiid\.t\a^\ 
may  indicate  defective  expansion. 
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Total  disnppcaranve  of  the  breath 
sounds  usually  occurs  below  the  level  of  fluid  in 
pleuritic  exudation,  becauEe  the  relaxed  lung  does  not 
conduct  sounds  well,  and  hence  they  are  not  conveyed 
to  the  fluid,  which  is  itself  a  comparatively  good  con- 
ductor {aee  p.  281).  If,  however,  there  be  only  a. 
small  quantity  of  fluid  present,  the  sounds  may  be 
faintly  heard  as  the  relaxation  of  the  lung  tissue  is 
less  i)ronounced.  Occasionally  it  happens  that  whf^n 
a  considerable  quantity  of  fluid  has  accamulated,  the 
breath  soands,  instead  of  disappearing,  become  loud, 
and  possess  a  marked  bronchiul  character.  In  such 
cases  the  vocal  resonance  is  also  loud,  but  is  usually 
more  or  less  tegophonic.  This  exceptional  state  of 
matters  is  most  commonly  observed  posteriorly  over 
the  lower  lobe  of  the  lung,  and  may  be  due  to 
collapse  of  part  of  the  lung  enabling  the  stronger 
vibrations  which  are  present  in  a  bi-onchus  to  bo 
transmitted  to  the  fluid  with  less  loss  of  intensity 
than  if  they  had  flrst  required  to  pass  through  air- 
containing  lung. 

With  regard  to  prolongation  o£  the  expiratory 
sound,  it  must  be  recollected  that  iu  certain  diseuaes, 
such  as  emphysema  and  asthma,  the  expiratory  act 
is  [lorformed  much  more  slowly  thaii  in  healtli. 
In  consequence  of  this,  the  respiiatory  sound  may 
also  be  prolonged ;  hence  in  these  dise-ases  prolon- 
gation of  expiration  conveys  a  meaning  diiforeut 
from  the  usual  one. 

Some  patients  are  habitually  shallow  breathers, 
whilst  others  naturally  breathe  deeply.  The  ear  eiin. 
detect  these  variations,  partly  by  the  duration  of 
the  respiratory  sounds,  aud  partly  by  their  intensity. 
The  depth  of  breathing  as  estimated  by  auscultation 
is  sometimes  known  as  the  "  rt'spirnlory  vscm^ 
slitn." 

Bronclilul  bremhliiK  may  be  subdivided  ■ 
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Uiree  varieties,  according  as  the  laryngeal  respiratory 
sound  is  conveyed  to  the  ear  through  consolidated 
lung  from  the  larger,  medium,  or  smaller  air-passages, 
each  of  which,  by  ^inforcing  certain  elements  of 
that  sound,  gives  it  a  distinctive  character. 

In  the  first  case  we  have  loi«r-pitchcd 
bronchial  breathing^y  the  more  capacious  tubes 
responding  best  to  the  deeper-toned  elements  of  the 
laryngeal  murmur;  in  the  second  case  the  pitch  is 
medium;  in  the  last  it  is  iiig^ii.  Low-pitched 
bronchial  breathing  is  heard  pathologically  over 
moderately  large  cavities  in  the  lungs,  and  is  hence 
sometimes  called  cavernous;  high-pitched  bronchial 
breathing  is  heard  when  consolidation  has  occurred 
round  the  smaller  tubes,  as  in  pneumonia,  where  the 
most  perfect  examples  of  bronchial  breathing  may 
often  be  found.  Here  the  character  is  aspirate 
rather  than  guttural.  This  variety  is  often  known  as 
tviyidoT  breat/ihig. 

A  special'  variety  of  bronchial  breathing  exists 
under  diseased  conditions,  and  is  known  as  ampiioric 
respiration.  It  resembles  the  sound  produced  by 
blowing  across  the  mouth  of  a  bottle  or  the  muzzle  of 
a  gun.  The  sound,  when  analysed ,  is  found  to  consist 
of  one  or  more  low-pitched  fimdamental  tones  and 
a  number  of  high-pitched  overtones.  It  is  char- 
acteristic of  a  direct  communication  between  a 
bronchus  and  either  a  considerable  cavity  with  fairly 
smooth  walls  or  a  pneumothorax.  The  latter  con- 
dition yields  the  best  examples. 

In  cases  where  the  resonance  of  a  bronchus  is 
within  earshot  of  the  observer,  but  where  at  the 
same  time  air-containing  lung  intervenes  between 
the  bronchus  and  the  chest  wall,  the  sound  of  the 
breathing  combines  both  vesicular  and  bronchial 
elements,  one  or  other  type  predominating  aftowt^SSw^ 
^  th^  exact  rel^tio^s  i^  e^h  cabv^*    T\i\!&  n^vyvXtj 
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of  breath  sound  is  knowii  as  broncho-voslcnlar 

or  indrlerniinaie.  To  such  caaea  ib  is  ueuftlly  the 
expiratory  souitd  which  has  more  or  less  of  a 
bronchial  character.  It  occurs  in  health  ia  certain 
regions  where  anatomical  causes  favour  its  |iro- 
duction,  especially  near  the  roots  of  the  lung^  behind, 
and  in  the  upper  portions  near  the  middle  line  i 
front.  The  resonance  of  bronchi  which  lie  so  deeply 
in  the  chest  as  to  be  completely  muffled  hy  tlie 
thick  layer  of  lung  tisaiie  that  separates  them  from 
the  ear  may  become  audible  when  the  tissue  around 
them  becomes  solidified,  and  thus  conducts  the  sounds 
more  effectively.  If  the  consolidation  reach  to  the 
surface  of  the  lung  the  breathing  will  be  bronchial, 
hut  if  it  does  not  extend  so  far,  bronchial  breathing 
will  be  heard  through  the  vesicular  breathing  which 
is  still  being  produced  between  it  and  the  surface. 

The  breath  sounds  must  bo  auaculted  in  I 
various  regions  that  have  already  been  examined  by 
percussion,  their  character  in  each  noted,  and  aimilar 
regions  on  the  two  sides  of  the  chest  compared  ;  c 
being  taken  that  the  points  examined  correspond 
accurately  to  one  another. 

The  second  series  of  observations  is  directed  to 
tlic  intensity  and  character  of  tliv  vocal 
resonance.  It  varies  in  intensity  even  in  health 
on  the  two  sides  and  over  different  areas  of  the  lung, 
being  louder  on  the  right  side  and  more  intense  the 
nearer  the  stethoscope  is  to  the  larger  bronchi.  When 
the  patient  repeats  the  words  "one,  one,  one," 
"  ninety-nine,"  the  ear  receives  from  the  chest 
distinct  impression  of  the  syllahles  pronounced,  but  > 
only  a  buzzing  sound,  whose  intensity  depends  aa 
loudness  and  depth  of  the  patient's  voice  and  on 
conductivity  of  his  lungs.  Other  words  or  sentences 
may  be  nsed  instead  of  the  above,  but,  on  the  whole, 
'teae  are  well  adtipted  to  produce  satisfactory  and 
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aniform  vibration  of  the  chest,  and  are  therefore 
suitable  for  the  purpose  of  oomparing  different  points 
with  one  another. 

An  easy  way  of  keeping  a  standard  of  intensity  in 
the  mind  when  examining  is  to  conceive  of  the  sound 
taking  rise  at  different  distances  from  the  observing 
ear."*^  In  some  cases  the  sound  is  very  distant.  This 
is  equivalent  to  "  marked  decrease '  in  vocal  resonance. 
Sometimes  the  sound  appears  to  be  produced  at  a 
little  distance  from  the  chest-piece  of  the  stethoscope. 
In  this  case  the  resonance  is  slightly  decreased, 
and,  to  make  certain  of  this,  a  com^mrison  should 
at  once  be  made  with  the  corresponding  point  over 
the  other  lung.  In  fact,  as  in  percussion  and  pal- 
pation, so  in  estimating  resonance — each  point 
examined  on  one  side  of  the  chest  should  be  at  once 
compared  with  the  corresponding  point  on  the  other 
side.  Vocal  resonance  of  normal  intensity  generally 
conveys  the  impression  of  being  produced  just  at  the 
chest-piece  of  a  single  stethoscope.  If  it  seems  to  be 
nearer  the  ear  than  this,  the  lesonance  is  increased. 
When  it  is  near  the  ear-piece  of  the  stethoscope  the 
increase  is  "marked,"  and  the  condition  is  often 
described  as  bronchophony. 

If  the  words  become  articulate  and  seem  to  be 
spoken  right  into  the  auscultator's  ear,  it  will  generally 
be  found  that  even  whispered  words  are  clearly  heard. 
This  condition  is  called  pectoriloquy.  Increased 
resonance  occurs  when,  through  any  cause,  the  lung 
substance  conducts  the  soiind  waves  set  up  by  the 
voice  more  clearly  than  usual  from  the  bronchi.  Con-  • 
solidation  is  the  commonest  cause  of  increased  lung 
conductivity.  Bronchophony  occurs  when  a  moderately 

*  The  same  method  is  to  some  extent  applicable  to  the  ^H- 
amination  of  breath  sounds.     It  is  rather  arbitrary,  as  it  does  not 
take  account  of  the  differences  which  are  normally  found  in 
different  areas  of  the  c^est ;  still  it  is  serviceable  e&^c^a)i\7S  l<ca. 
beginners. 
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•..■■A.'.:.  >^:A  :.rs»r:  -.:--i'^.  Az-iiirr  il":cri":::-:i  in  ii;e 
',  .<»..  \v  of  *.:.-;  vo'jSkl  r*s:  ^  ^'  cir  is  v'.j-rrved  in  some 
i,.^^^:^.u\  ij.h.rJiy.  WLri.  ihr  qiiiki:x::v  ^t  edusion  is 
$iL\i.t',r  ^:^Xi\\,  '/j  tLat  the  lung  is  only  sc-parated  from 
t.fi<;  ':}i<r':l  'Aaij  lA'  a  thin  laver  of  duid,  a  na&il  or 
M<::«iifi;/  cliara^.'ter  mav  be  imparted  to  the  voice. 
'J  |jii-.  hl<;atifig  t/jne  is  observed  much  more  frequently 
lit,  y\\i'.  \tu4:kf  insar  the  lower  angle  of  the  scapula,  or 
\it'Xwt'.i'.n  tliat  jWnt  and  the  axillary  line,  than  it  is 
itvi'.r  otJicf  i-ifgions  of  the  thorax.  It  is  known  as 
ir||0|>lioiiyp  and  is  probably  due  to  collapse  of  the 
\iinht\iin\  (iIiInih.* 

"  hi  hhiiin  (f|iiffiiMl  {ri  FaKKo*B  '* Principles  and  Practice  oi 
Mfilli'liiii,"  III  1 1  ml.,  vol.  i,y  p.  9i0)  considers  that  the  peou- 
IImi  141111  li  I  jr  I  if  ili«  viiiiNi  is  (luu  tu  tiio  fuudameiital  tone  being 
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Tlie  last  series  of  observations  is  directed  to  the 
dotectiou  and  recognititfp  of  various  adventitious 
sounds.  1^ 

These  may  arise  either  in  the  lung  or  in  the 
pleura,  and  it  must  never  be  forgotten  that  sounds 
by  no  means  very  dissimilar  may  be  produced  by  the 
friction  of  the  stethoscope  on  a  hairy  chest  wall ;  but 
the  latter  can  usually  be  suppressed  by  moistening 
the  skin.  The  accompaniments  arising  in  the  lung 
and  bronchi  themselves  first  demand  attention. 

Such  accompaniments  are  collectively  known  as 
raieSy  and  are  subdivided  into  dry  rliles  and  moist 
r^les.  Dry  sounds,  known  also  as  rhonchi,  are 
produced  in  the  air-passages,  and  are  due  to  partial 
obstruction  of  their  lumen  either  by  swelling  of  the 
mucosa  or  by  the  presence  of  tough  secretion.  The 
mechanism  of  their  production  is  thus  comparable  with 
that  to  which  cardiac  murmurs  owe  their  existence. 

They  vary  in  pitch,  the  variations  being  in  a  great 
measure  due  to  the  size  of  the  tubes  where  they  take 
origin.  The  smaller  tubes  are  the  seat  of  high-pitched 
or  sibilant  riionciii,  and  these  are  most  abundant 
during  the  later  part  of  inspiration ;  the  medium -sized 
tubes  yield  medium-pitched  rhonchi,  and  the  larger 
bronchi  produxie  the  deep-toned  or  sonorous 
riionchiy  which  are  heard  early  in  inspiration,  and 
may  be  almost  continuous.  Dry  sounds  are  charac- 
teristic of  bronchitis,  but  are  also  found  quite  apart 
from  any  definite  bronchitis  in  certain  other  diseases 
of  the  respiratoiy  system,  such  as  cases  of  phthisis 
when  the  bronchial  tubes  get  plugged. 

moist  rAlcs,  also  called  crepitations,  are  dis- 
continuous sounds,  and  are  produced  either  in  the 
alveoli  or  in  the  bronchioles  and  bronchi.  They 
produce  on   the   ear   a   noise   like  the   bursting   of 

intercepted  by  the  effusion  to  a  muck  greater  de^n'ee  than,  the 
overtones,  wmch  thereby  become  uuduly  conspicuoxxa. 
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smaller  or  larger  air-bubbles,  and  indicate  the 
presence  of  fluid  seciiitioiia  in  the  air  cells  or  tuljes. 
Tliey  are  classified  as  fine,  medium,  and  coarse  1 
bubbling.* 

Fine  crepitniions  are  caused  bj  tbe  opening 
up  of  coUapBed  alveoli  whose  walla  have  been  agglu- 
tinated by  the  exudation  of  a  little  fluid  aeci-etion. 
This  at  first  causes  them  to  adhere,  but,  ss  the  air 
pressure  gmdually  increases  during  the  movement  of 
inspimtion,  the  adhesion  at  last  gives  way  suddenly," 
and  allows  air  to  enter.  The  separation  of  the  walla 
is  accompanic  I  by  a  cracking  sound,  which  ( 
imitated  by  separating  the  moistened  forefinger  and 
lliumb  near  tlie  ear.  When  this  condition  o 
number  of  alveoli,  the  combined  effect  is  to  produce 
a  sound  of  fine  crepitation.  It  occurs  only  t  near 
the  end  of  inspiration,  as  is  to  be  anticipated  from  its 
mode  of  production,  and  indicates  the  presence  of 
exudation  in  the  alveoli  of  the  affected  part  of  the  lung. 
Fine  crepitations  are  very  characteristically  present 
during;  the  first  stage  of  imeumonia,  and  in  acute  eoa- 
){estion  from  any  cause ;  they  also  occur  in  early  miliary 
tuberculosis.  After  atelectasis  they  ore  occasionally 
heard,  and  in  ledenia  of  the  lung  they  o 
elation  with  bubbling  rdles  which  are  c^iused  by  the 
simultaneous  piesence  of  fluid  in  the  bronchi. 

medium  vrcpitallons  occur  chiefly  in  the 
amallcr  bronchi,  and  are  audible  at  the  end  of  in- 
spiration and  the  beginning  of  expiration.  They  a 
caused  by  the  airbubbling  through  fluid  secretion  whiob 
has  been  poured  out  into  the  lumen  of  the  bronchi. 

Coarse  babbling  crepitations  occur  in  the 
larger  divisions  of  the  bronchi,  and  may  be  heard  at 

■  Tbe  term  ■ '  crapitation  "  i»  Bt 
Toriety,  the  athera  beiaK  called  flue 

t  Baretf  a  fow  >oiiiuls  oloael;  restuubUng  One  oiepiliitiooi  M 
_  heard  diuiag  eipinituuL 
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almost  any  phase  of  respiration ;  they  may  be  quite 
continuous  in  their  occurrence.  Coarse  crepitations 
may  also  originate  in  pulmonary  cavities. 

Sometimes  the  i^les  are  non-resonant  or 
toneless.  In  this  case  they  occur,  as  a  rule,  in 
spongy  lung  tissue ;  but  in  other  cases  they  are  quite 
resonant,  and  convey  an  impression  to  the  ear  of 
being  all  possessed  of  a  definite  {)itch.  There  are 
only  two  conditions  in  which  resonant  r^es  occur — 
either  consolidation  exists,  or  there  is  a  cavity  of 
sufficient  size  to  act  as  a  resonator  for  rlUes  which  are 
produced  either  in  itself  or  in  a  neighbouring 
bronchus. 

The  highest  degrees  of  resonance  are  known  as 
metallic  and  tinkiing:  consonances.  Here 
the  r&les  have  a  very  distinct  high  pitch,  and  give  the 
impression  of  a  shower  of  drops  falling  into  a  metallic 
vessel,  which  reverberates  the  sound  of  their  fall.  This 
is  associated  with  amphoric  breathing,  and,  like  it, 
suggests  either  a  large  cavity  or  pneumothorax. 

The  position  where  rUes  are  heard  greatly  influ- 
ences the  importance  to  be  attached  to  their  presence. 
If  heard  at  the  apex,  they  at  once  suggest  phthisis ; 
whilst  mediiun  and  coarse  crepitation  at  the  bases 
may  be  due  merely  to  a  transient  exudation  which 
will  rapidly  disappear.  When  the  patient  has  been 
breathing  quietly  for  some  hours,  and  especially  if 
he  has  been  lying  in  bed,  a  few  crepitations,  even  if 
heard  at  the  apex,  may  be  due  to  temporary  causes, 
tliongh  they  should  always  be  regarded  with  a  degree 
of  suspicion. 

The  commonest  accompaniment  arising  in  the 
pleural  cavity  is  a  friction  sound  characteristic  of 
pleurisy  at  the  stage  where  exudation  is  not  abundant 
enough  to  separate  the  inflamed  and  roughened  sur- 
faces. It  possesses  a  creaking  or  rubbing  character, 
often  quite  characteristic  ;  -but  sometimes^  ^\\^\;k.\«d& 
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well  marked,  ratiier  hani  to  distinguiBh  from  a  iAIol 
riie  friction  sound  may  be  6ne,  medium,  or  coarse.  In 
8om»  instances  it  is  palpable,  but,  since  coarse  r&les 
ma;  lje  so  too,  tbis  does  uot  serve  to  diatioguish  them. 

The  chief  featui-ea  of  diflerenca  are  that  friction 
Bounds  occur  during  that  part  of  inspiration  when  the 
roughened  surfaces  are  rubbing  against  each  other,"  to 
reappear  at  a  corresponding  period  of  expiration.  They 
are,  moreover,  unchanged  after  tbe  patient  has  coughed, 
whilst  r&les  may  alter  under  these  conditions  because 
cd  changes  in  the  disposition  of  the  secretion  whToh 
3  Uiem.  The  fact  that  friction  is  sometimea 
localised  than  crepitation  may  also  be  of  sertice. 
imetimes  friction  is  markedly  intensified  by  increas- 
ig  the  pressure  with  which  the  stethoscope  is  applied. 
This  acts  by  causing  the  roughened  surfaces  to 
against  each  other  more  firmly.  Fressiu'e  does 
affect  the  intensity  of  r&les.  The  situation  of  the 
doubtful  sound,  or  the  presence  of  pain,  or  some  poinf 
in  the  history  of  the  case,  may  assist  tbe  observer  ' 
arriving  at  the  diagnosis. 

It  must  never  be  forgotten  that  tbe  presence  ol 
one  form  of  accompaniment  does  not  exclude  the 
others.  Any  two  or  all  three  may  be  found  co- 
existing in  Due  case.  When  pleuritic  friction  is 
developed  along  the  anterior  edge  of  the  left  lung, 
and  especially  when  that  part  of  it  which  ia  in  rela- 
tion to  the  apical  segment  of  the  heart  is  affected, 
the  friction  sounds  often  assume  tbe  rhythm  of  the 
heart  beat  rather  than  that  of  tbe  respiratorj'  move- 
ments. Hence  the  sound  is  liable  to  be  mistakea 
for  pericardial  friction.  To  distinguish  between  thia 
soHjalled  plearo-perieardial  friction  and  that  of  true 
pericarditis  will  rarely  be  very  difficult  if  it  is  recol- 
lected that  the  former,  depending  as  it  does  on  the 
apposition  of  two  roughened  patches  of  pleura,  is  only 
heard  during  those  phawa  of  respiration  when  th« 
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patches  are  in  contact.  Hence  a  deep  inspiration,  by 
removing  one  of  them  from  the  other,  may  prevent 
the  production  of  the  sound,  whilst  in  other  cases 
holding  the  breath,  or  emptying  the  lungs  as  com- 
pletely as  possible,  may  lead  to  a  like  result.  In  short, 
pleuro-pericai-dial  friction  is  much  more  dependent 
than  true  pericardial  friction  on  the  movements  of 
respiration. 

Hippocratic  siicciission  is  the  name  given  to 
a  splsCshing  sound  which  can  be  heard  when  a  patient 
who  has  both  gas  and  fluid  (usually  pus)  in  the  pleural 
cavity  is  shaken  or  moves  suddenly. 

SECTION    VI.— PHYSICAL   SIGNS    OF    THE 
PRINCIPAL    PULMONARY    DISEASES. 

1.  Acute  bronchitis. — The  patient  is  some- 
what breathless,  and  cougha  The  sputum  is  at  first 
mucous  and  scanty,  but  subsequently  becomes  muco- 
purulent and  abundant.  On  percussion  the  resonance 
is  normal;  on  auscultation  the  breath  sounds  are 
vesicular,  and  accompanied  by  sonorous  and  sibilant 
rhonchi,  the  latter  being  especially  prominent  when  the 
smaller  tubes  are  implicated.  The  vocal  resonance 
is  unaltered. 

2.  Ciirooic  broncliitis.— The  signs  resemble 
those  of  acute  bronchitis,  but  pain  is  less,  and 
dyspnoea  is  more  marked.  The  sputum  is  abundant 
and  mucopurulent.  Coarse  crepitations  are  usually 
abundant. 

3.  Empiiysema.— The  patienn  suiSers  from 
breathlessness,  and  is  often  somewhat  cyanosed.  He 
generally  has  a  good  deal  of  cough  and  some  expec- 
toration. The  chest  is  barrel-shaped,  and  its  expan- 
sion during  inspiration  is  insufficient,  whilst  the  ex- 
piratory phase  of  .respiration  is  prolonged.  On  per- 
cussion there  is  a  hyper-resonance,  sometimes  a.  tt^<cRk 
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of  tyinpanieity.  The  borders  of  the  lungs 
on  tiitrrounilmg  orgAOR,  and  the  area  of  superficial 
cardiac  dulness  may  bo  igreatly  Icsaencd.  Auaculta- 
tion  reveals  weak  breath -sounds  and  diminution  of 
vocal  resooance.  This  disease  is  often  complicated 
by  chronic  bronchitiB,  and  then  the  breath-sounds 
become  harsher  than  normal,  and  tliere  13  considerable 
jirolont.'ation  of  the  expiratory  niunnur. 

4.  Phlhl«i8.— The  earlieBt  signs  of  the  disease 
are  often  loss  of  weight  and  appetite,  cough,  and 
tendency  to  sweating  during  the  night  At  a  later 
stage  one  Hnds  severe  cough,  especially  in  the  morn- 
ing, sometimes  hsemoptysis,  increased  rate  of  respira- 
tion, diarrhiea,  hectic  fever,  and  the  other  symptoms 
of  an  acute  inflammatory  disease.  Inspection  reveals 
in  many  cases  a  phthinoid  chest  with  local  retraction 
and  defective  movement.  By  palpation  one  detects 
increased  vocal  fremitus  j  by  percussion,  localised 
dulnesR,  especially  above  or  below  the  clavicle,  and 
sometimes  tiie  physical  signs  of  a  cavity  are  apparent. 
By  auscultation  one  finds  that  expiration  is  prolonged, 
or  that  the  breathing  is  bronchial  in  character.  The 
broath-sounds  are  accompanied  by  crepitations,  most 
of  which  are  of  medium  size.  The  phenomena  of  per- 
cussion and  auscultation  over  the  apex  of  the  right 
lung  are  frequently  equivocal :  one  is  only  justified  in 
diagnosing  phthisis  there  when  the  physical  signs  are 
very  well  marked.  The  sputum  contains  tubercle 
bacilli,  and  often  also  elastic  tissue. 

5.  Lobnr  pncnmonin  is  recognised  by  its 
sudden  onset,  with  rigors,  cough,  and  pain  in  the  side^ 
associated  with  fever,  which  remains  continuously 
high.  The  face  is  flushed,  the  breathing  rapid,  and 
the  sputum,  which  is  not  copious,  is  rust-coloured  and 
excessively  tenacious.  The  microscope  reveals  the 
presence  of  pneumococei.  The  physical  signs  vary 
Tith  the  stage  of  the  disease:.    First  stage :  Percuauon- 
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sound  mther  tympanitic  but  slightly  dull,  fine  crepi- 
tations present.  Second  stage  :  Absolute  dulness  on 
percussion,  high-pitched  bronchial  breathing,  increased 
vocal  resonance  and  fremitus.  Third  stage  :  Gradual 
diminution  of  dulness,  disappearance  of  bronchial 
breathing,  presence  of  medium  and  some  fine  crepita- 
tions, vo<^  resonance  and  fremitus  return  to 
normal. 

6.  Chronic  Interstitial  pneumonia.— The 
patient  complains  of  some  breathlessness  on  exertion, 
and  of  cough  with  rather  copious  mucopurulent 
expectoration.  The  sputum  may  be  fetid,  or,  when 
the  disease  is  a  pneumoconiosis,  may  contain 
characteristic  elements.  The  physical  signs  are  a 
gradually  developed  flattening  over  the  afiected 
region,  where  also  expansion  is  absent,  or  defective 
and  delayed  ;  the  shoulder  of  the  diseased  side  droops. 
On  percussion  there  is  a  dull  area  surrounded  by  one 
where  the  resonance  is  boxy,  and  the  heart  is  drawn 
over  by  the  contracted  lung.  Auscultation  reveals 
feeble  or  bronchial  breathing,  and  a  few  crepitations 
and  rhonchi.  The  vocal  resonance  and  fremitus  are 
exaggerated. 

7.  Pleurisy  is  characterised  by  the  presence  of 
fever,  pain  in  the  side,  restrained  but  rapid  breathing, 
and  suppressed  dry  cough.  In  the  earliest  stage  fine 
friction  is  audible  before  any  other  abnormal  signs 
can  be  detected.  Subse(|uently,  as  fluid  gathers,  tlie 
afiected  area  becomes  dull,  whilst  the  lung  above 
yields  a  tympanitic  resonance.  As  the  dulness 
increases  the  breath  sounds,  vocal  resonance,  and 
fremitus  diminish  in  intensity,  and  at  last  they 
wholly  disappear.  Above  the  level  of  the  fluid,  during 
the  height  of  the  disease,  the  breathing  may  be  some- 
what bronchial  and  accompanied  by  fine  crepitations. 
As  the  fluid  is  re-absorbed  in  process  of  recovery,  the 
dulness  again  decreases,  whilst  the  breatlv-^OMixA^  ^\A 
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vocal  resonance  gradually  return,  and  when  the  fluid 
Las  almost  disappeared  friction  is  once  more  heard, 
but  now  of  a  much  coarser  character  than  at 
fii-st.  In  certain  cases,  for  some  time  during  the 
advance  and  again  during  the  recession  of  the  disease, 
segophony  occurs.  In  massive  effusions  the  neigh- 
bouring organs  are  displaced,  and  there  may  be 
bulging  of  the  intercostal  spaces. 

8.  Pne  onto  thorax.— The  patient  complains  of 
sudden  pain  and  breathlessness.  The  affect^  side  is 
distended  and  immobile,  or  lags  behind  the  other. 
On  percussion  there  is  a  loud,  deep  resonance  more  or 
less  tympanitic,  and  by  coin-percussion  a  characteristic 
ringing  sound  is  elicited.  The  breath-sounds  and 
vocal  resonance  are  absent,  or,  if  a  bronchus  com- 
municates with  the  pneumothorax,  are  replaced  by 
amphoric  breathing  and  resonance,  whilst  if  fluid  is 
present  one  may  hear  metallic  tinkling  and  elicit 
Hippocratic  succussion.  The  surrounding  viscera  are 
displaced. 

9.  llaeiiiorrliai^c  Infarction  of  the  lung 
occurs  in  the  course  of  valvular  heart  disease,  and  is 
characterised  by  the  sudden  onset  of  pain,  associated 
with  blood-stained  expectoration.  If  the  infarct  is 
near  an  accessible  portion  of  the  surface  of  the  lung, 
one  can  discover  a  patch  of  dulness,  with  altered 
breath-sounds  and  crepitations. 

10.  Asthma  may  usually  be  regarded  as  a  symp- 
tom rather  than  a  disease.  Cardiac  asthma  has 
already  been  described,  and  asthmatic  conditions  may 
likewise  arise  from  polypi  or  other  sources  of  reflex 
nasal  irritation,  or  from  disease  of  the  stomach  or 
kidneys.  The  form  known  as  bronchial  or  "  spas- 
modic" asthma  results  mainly  from  spasm  of  the 
muscles  of  the  smaller  bronchi.  In  it  the  patient  is 
found  sitting  up  or  leaning  forward  with  the  hands 
iixed   on   some  object  in  order  to  give  additional 
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purchase  to  the  accessory  muscles  of  respiration.  The 
face  is  flushed  and  the  vessels  are  turgid.  Expiration 
is  prolonged  and  laboured,  and  the  lungs  are  too  full 
of  air.  Percussion  yields  a  somewhat  h3rper-resonant 
sound.  Auscultation  reveals  at  first  musical  rSIes 
and  wheezing  sounds,  with  marked  prolongation  of 
expiration.  After  secretion  has  been  established, 
deeper  rhonchi  become  audible.  The  sputum,  which 
is  scanty,  contains  small  lumps,  in  which  Cursch- 
mann's  spirals  and  Charcot-Leyden  crystals  are  found. 
11.  Sijpis  of  pressure  on  a  main  bronchus* 
— The  signs  in  this  condition  are  not  uniform,  but 
the  following  are  fairly  typical :  There  is  no  marked 
dyspnoea  until  an  advanced  stage  of  the  disease,  except 
after  a  severe  paroxysm  of  cough,  but  the  rate  of 
respiration  is  usually  somewhat  increased.  The 
patient  often  suffers  from  spasmodic  cough,  caused  by 
the  diflficulty  of  forcing  tough  sputum  through  the 
stricture.  On  examining  the  thorax  one  finds  that 
the  sound  side  is  expanded,  and  shows  a  large 
respiratory  excursion  and  low  position  of  the 
diaphragm,  whilst  the  breath-sounds  are  vesicular, 
but  harsher  than  usual.  On  the  affected  side  there  is 
usually  some  general  retraction.  Mobility  is  limited 
or  wholly  absent.  Inspiratory  retraction  of  the 
intercostal  spaces  often  occurs.  A  peculiar  respiratory 
vibration  is  sometimes  felt  near  the  constricted  part 
of  the  bronchus,  and  vocal  fremitus  is  diminished  over 
the  whole  side  of  the  chest.  On  percussion  the 
resonance  is  normal  in  the  earlier  stages,  but  as  the 
access  of  air  becomes  more  obstructed  the  note  rises  in 
pitch.  Eventually  dull  areas  due  to  tumour  or 
pleurisy  may  appear.  On  auscultation  the  breath- 
sounds  are  at  first  harsh  and  blowing,  especially  in 
the  upper  interscapular  region ;  subsequently  they 
generally  grow  weak,  but  a  rough  respiratory  murmur 
is  audible  near  the  point  of  stenoaia.     ¥*\\i"a)^^<»  '^'^ 
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[ibrenth-sounds  are  wholly  extinguish  eil,  And  a  dee^ 
I  nnoroaa  rhonchus,  best  heard  in  the  iiitei-scapular 
[  r^ou,  alone  remains.  Vocal  reGOnance  is  rtiminisliod, 
I  and  mnj  be  ahaoat  ffigi^phonic.  The  changea  in  the 
'  long  may  affect  neiglibouiing  viscera,  and  the  heart 
\  may  he  drawn  towards  the  affected  side  by  the  retnui- 
1  fcion  of  the  airless  lung,  or  thrust  from  it  by  the 
\  ([rowth  of  an  aneurysm  or  malignant  tumour.  Pain 
leas  common  than  a  sense  of  localised  oppression. 

*  SECTION  VIL— THE  SPUTUM. 

The  characters  of  the  cough  have  already  been 
I  treated  of  in  a  previous  chapter  (Chapter  II.),  It 
remains  to  add  a  few  notes  on  the  appearance  snd 
examination  of  the  sputuni  in  different  diseases. 

The  following  are  the  principal  points  to  be 
observed  by  the  naked  eye  : — 

1.  Quantity; 

3.  Consistency ; 

3.  Whether  homogeneous  or  in  layers  of  different 

appearance  ; 

4.  Whether  frothy  or  airless ; 

5.  Colour  and  transparency ; 

6.  Odour. 

Tlie  above  qualities  depend  on  the  character  of 
the  material  which  ie  coughed  wp.  The  main  varieties 
are  mucous  sputum,  serous  sputuin,  fibrinous  spit- 
tum,  |>urulent  sputum,  and  blood.  Id  many  instaiices 
transition  tyjies  between  them  are  observed. 

raucous  sputum  is  characteristically  present 
in  early  bronchitis.  It  is  clear,  tough,  and  sticky. 
As  a  rule,  the  amount  is  not  great  At  a  later  8ta^ 
of  bronchitis  the  mucus  is  mixed  with  pus  cells.  TTw 
sputum  is  then  less  tough,  more  copious,  and  has  a 
greenish  yellow  colour. 

nneo^nruleni  sputum  occurs  io  nuu^dii 
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of  the  lung.  In  phthisis  with  cavity  formation  one 
often  finds  small  ragged  lumps  of  muco-pus,  sur- 
rounded by  mucus,  which  are  heavier  than  the  other 
constituents  since  they  are  airless.  They  therefore 
sink  to  the  bottom  and  become  more  or  less  flat  and 
buttonlike.  This  constitutes  the  *' nummular " 
sputum  of  phthisis.  If  there  be  a  fair  amount  of 
serous  or  watery  fluid  mixed  with  such  sputum  it 
gradually  settles  into  three  layers,  the  lowest  being 
purulent,  the  next  serous,  and  the  uppermost  com- 
posed of  frothy  mucus. 

Sputum  composed  of  pus  alone  usually  proceeds 
from  an  abscess  which  has  ruptured  into  the  lung  or 
air-passages. 

Serous  sputum  occurs  apart  from  mucous 
expectoration  as  a  thin,  watery  fluid,  generally  blood- 
stained. It  indicates  oedema  of  the  lung.  Pulmonary 
oedema  without  extravasation  of  blood  yields  a  white 
frothy  sputum  like  soapy  water. 

Blood  may  be  coughed  up  alone,  or  the  sputum 
may  be  more  or  less  bloodstained.  It  must  be  dis- 
tinguished from  blood  brought  into  the  mouth  from 
epistaxis,  gastric  haemorrhage,  or  bleeding  from 
varicose  veins  in  the  walls  of  the  oesophagus.  Its 
brighter  colour  and  its  frothy  appearance  often  make 
the  discrimination  perfectly  simpla  When  it  comes 
from  the  lungs  its  presence  may  result  either  from 
pulmonary  or  cardiac  disease,  or  from  aneuiysm. 

Several  diseases  cause  a  characteristic  colora- 
tion of  tlie  sputum.  Thus,  in  pneumonia  it  is 
rusty  and  so  viscid  that  it  often  will  not  fall  out  of 
an  inverted  spittoon ;  it  is  briglit  yelloiir  or  green 
when  a  liver  abscess  has  ruptured  into  the  lung,  and 
the  latter  colour  also  appears  in  some  cases  of 
pneumonia.  Sometimes  when  an  amoebic  hepatic 
abscess  has  discharged  by  the  lung,  the  sputum  ha& 
the  appearance  of  ancliovy  sauce*    tt\ii.e^  «»l»vip^ 
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tmii  is  common  with  ooal  miners,  whilst  red-streaked 
sputum  is  suggestive  of  phthisis.  Pi'uneriiiice 
situium  occurs  when  blood  lingers  in  a  lung  which 
has  become  cedematous.  Thus  it  is  found  in  cases  of 
olironic  pneumonia  that  are  going  on  to  disintegra- 
tion of  the  lung  tiaaue.  Red- currant-Jell)'  sputum 
iu  said  to  be  characteristic  of  malignant  disease  in  the 
lung.     It  has  also  been  found  in  hysteria. 

The  qunntilf  of  sputum  coughed  up  in  twenty- 
four  hours  is  important;  and  still  more  so  whether 
targe  quantities  are  rapidly  got  rid  of  at  considerable 
intervals  or  whether  it  cornea  away  in  small  amounts 
and  fi-equently. 

Occasionally  small  casts  or  bronchi  are  to  be 
found  in  tbe  sputuio,  but  the  examination  for  formed 
elements  is  best  conducted  with  the  ai<l  of  a  microscope. 

The  odour  or  the  sputum  is  seldom  very 
characteristic.  Ordinarily  it  has  a  "  stale "  smell, 
but  in  cases  of  gangrene  of  the  lungs,  of  fcetid  bron- 
chitis, and  of  bronchiectasis  it  may  develop  an 
exceedingly  penetrating  putrid  odour.  An  unpleasant 
odour  may  also  bo  acquired  during  its  transit  through 
the  moutL 

microscopic  cxRiniuntlon  of  sputum. — 
GeneraUy  it  is  well  first  to  examine  an  unstained  and 
fresh  specimen,  and  thereafter  to  use  special  methods 
for  the  recognition  of  bacteria.  To  select  a  suitabls 
piece,  place  the  sputum  in  a  ilat  glass  vessel,  which 
can  be  laid  on  either  a  wbite  or  a  black  background 
as  is  found  convenient.  Mixed  with  the  amorphous 
mucous  exudation  which  forms  the  basis  of  the 
sputum  may  be  seen  various  organised  and  crystal- 
line substances,  of  which  the  following  are  the  princifial 
groups  ;■ — 

I.  Ceiiulnr  structures. — (1)  Pus  corpuscles 
in  various  stages  of  granular  degeneration  and  with 
aBverai  nuclei 
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(2)  Epithelium  from  mouth,  air-passages,  and 
alveoli.  The  latter  may  contain  pigment  which  has 
reached  them  from  the  air,  or  they  may  exhihit  a  very 
characteristic  iron-containing  pigment,  which  is  un- 
usually abundant  in  cases  of  heart  disease  with  pul- 
monary congestion,  and  indicates  brown  induration 
of  the  lung.  This  pigment  yields  the  hajmosiderin 
reaction  on  the  addition  of  hydrochloric  acid  and 
potassium  ferro- cyanide. 

(3)  Salivary  corpuscles  are  picked  up  by  the 
sputum  in  its  passage  through  the  mouth. 

(4)  Red  blood  corpuscles* — A  few  are  of  no 
importance.     Large  numbers  occur  in  haemoptysis. 

(5)  Eosinophil  cells  occur  in  asthma,  and  are 
often  associated  with  Charcot-Leyden  crystals.  They 
are  large,  and  contain  numerous  fine  granules  which 
Btain  with  eosin. 

II.  Elastic  fibres  indicate  destruction  of  lung 
tissue,  whether  from  phthisis,  gangrene,  or  abscess. 
In  gangrene  only  a  few  fibres  escape  the  destructive 
process.  They  are  found  in  the  small  tough  lumps 
of  the  sputum,  and  are  best  demonstrated  by  a 
rapid  heating  with  an  equal  quantity  of  10  per 
cent,  solution  of  caustic  soda,  which  liquefies  the 
other  elements  more  quickly  than  these  fibres.  After 
boiling,  a  gelatinous  mass  is  left,  to  which  a  con- 
siderable.quantity  of  water  should  be  added  and  the 
mixture  left  in  a  conical  glass  till  the  elastic  fibres 
settle  to  the  bottom.  Thus  they  may  be  isolated,  and 
in  well-marked  cases  exhibit  the  alveolar  arrangement 
of  the  lung  tissue.  Too  prolonged  an  exposure  to  the 
caustic  will  lead  to  the  solution  of  the  elastic  fibres 
as  well  as  of  the  other  constituents  (Fig.  80). 

III.  Fibrin  casts,  often  large  enough  to  attract 
the  unaided  eye,*  are  stDl  more  frequently  visible 
under  a  low  power  of  the  microscope  (Fig.  81). 

IV.  Curschmann's  spirals  axQ  iovxn^  \x^  "^^ 
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spirals  look  like  Httla 
sago    grains.     When 
unrolled  tliey  apjiear 
as  coiivoluted  threodu 
wliicli    niuy   be  quite 
an     incli     in    length. 
Under  the  microacope 
tLey  sliow  a    centml 
core,  round    which  a 
sheath  of  tough  mucus, 
with  a  iai^e  number  of 
small   round    cellular 
elements  in  it,  is  coiled 
(Fig.  82). 

V.  c;ry8tals.-(l) 
In      asthma,     fine 
colourless  crystals 
with  sharp  extreiuitjes 

ng.  «t.—atonai\sx  MUl  rrcn 

^'Sil"       MO  oi\eD.ioM.\iA.  Ilbft^    J 
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are  frequently  vssih,  ited  with  tl  e  spimla  alieailj 
descrilied  an!  are  known  as  Cliai4  0t  Leyden 
rryslBis  They  are  pi-olwbly  phosphatHS  of  an 
orgaiic  lia&e  (Fig  8J) 


(2)  Fntty    aciil    «tj"*»m's 

and  j,eni'  -ally  00c  ir  in  cluatt  s. 
(J)  Cliolestcrln 

occurs  in  rbombi  dal 
plates  whuligene  aily 
ha\e  a  small  notch 
mom^ornor  11  ey 
occur  m  old  puiuleut 
sputum  fro  n  pul 
monary    cavities    but 

uneon  mon 

(4)  Ilffiinatoi 

din    crystnU   occir 

where  there  has  been  an  oiu   nan  or  iiUiyH  m  uiiatHi  ui 

abscess  and  empyema       Thaj  ho^e  a,  dBs.TOKlw.tvsiaK. 


a  old  ha  nor  hage  i 
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hrawn-yellow  colour,  and  appear  as  needles,  rhoiubi 
and  (ilateB. 

(o)  I«Hcln  and  tyrosln  may  be  found  on  rare 
ovcMsions  in  pus  from  old  perforated  empyemata. 

VI.  ParaslteB.— These  belong  both  to  the 
ooimal  and  vegetable  kingdoms.     Of  animal  parasites 


Fig.  S& — Aspngillus  rnmlgitiit.    x  300. 

echlnoeocci  are  the  most  important.  The  presence 
of  booklets,  and  still  oftoner  of  fi-a<;ments  of  the  lam- 
inated ectocyat,  are  the  usuil  indications  of  their 
existence  (see  p.  103).  In  China  and  other  parts  of 
Easlern  Asia  Dlstoma  pulmonale  is  frequently 
found.  Ite  presence  causes  sharp  attacks  of  hiemop- 
tysis,  which  tnay  be  mistuken  for  the  hemoptysis  of 
phthisis.  Microscopic  scrutiny  of  the  spiituvw,  Wy«- 
ever,  generally  reveals  characterlslAc  ova.  l^\%  *^- 


RtsrtMATOKY  System. 

'XVi^  TegeuUe  panat«M  arr  birly  niuaenNiB.  Bb- 
I  la^terio,  whtch  a,n:  cotisidern]  in  a  aepanu 
Mpt«r,  ao4  aroofigM  wbicli  the  most  impartant  an 
bibefL-le  tMu'ilti.  purumacneci,  and  PfeiSer's  bvinM, 
'.  of  tbe  Iiij^titr  fonp  are  ftlso  fotin'l,  tlie  hhibI 
Biporlaut  Ldog  arUoA^rcfs  and  aspetciNH* 
'^"■iSniMs  (Figs.  85,  86). 

AITESDIX    TO   CHAPTER  VL 

)■»  (iiui-Hic  MrmoDH  or  Becokdikg  thk  Casotntan 

Ohkekveu  in  the  Ueabt  ixvi  Li^xoa. 

.  Fnfl-«lze  ouilines  of  the  heart, 

I'll*  uiBitionof  the  uipiiles,  and  the  outtioesof  llw  clalidei^ 
,,  ,  unil  ■tcrDiun,  abonld  be  carelully  tiaced  on  the  uheat  »iUi 
%  ditinintoffTHiih  peadl,  and  the  sime  sboulil  be  done  lor  the 
iu>  of  reJtitire  and  abarilnte  dulaess  of  the  heart  uid  liver. 
« tmcioKi  ihoutd  tbea  U.-  gimc  over  rapidly  with  a  BnuUl 
Jtint  hniab  dipped  in  iweot  almond  oil  and  a.  iJieet  of  tinBUa 
Inpor  premed  down  upon  the  patieat'e  chest.  The  oil  «itl 
^m  a  mark  on  the  pap«r,  which  cah  ba  more  strODgly  tiaced 
1  a  iioiicil  after  tha  paper  hns  been  removed. 
An  alternative  melbod  is  to  phologmpli  the  chest 
trilh  the  line*  drawn  iu.  This  has  the  convenieace  of  pre- 
^^nnliilf  the  rueurd  iu  u  less  bulky  form.  A  scale  of  inches 
■hould  in  this  uuu)  hti  laid  ncroaa  the  patieiit's  epigastrium 
Iji  pornjit  of  nlwoliite  moHSuremontB  being  Uken  from  the 
phutugnipb. 

%  Tim  Hue  nr  «>'nibal«  on  outline  charts. 

If)  'I'Ih?  Iioill't.— The  presenci!  and  position  of  initrmuTB 

I    nr'i   '  I  -\\   iii'h'  ii'  1    \-s   khHding.     Tbeir  intensity  is  roughly 

I  ii'i';  '  1  iiinviiieM  of   the   Hhading.     Esamplea   dt 

i  till      ■    ■  .i  ui  Kilts.  37,  3B,  snd43.      When  two  syn- 

I  ulii'  ini'sont,  and  ona  wishes  to  show  wherv 

I  II .    I  :   '    ijj-  fuinter,  gives  place  to  the  second, 

I  nit    :.  ..  :    .  iiii;ly  loud  as  the  stethoscope  is  carrisd 

I  ali'i'     'I  mil;  Uiuir  aroiiB  of  me  ximum  intensity,  ewe 

[  III"'  '  I     "       '  <i--iinl  signs  ot  dimimiendo  and  oresotndo, 

■  ^  II.. I  .«::  I ...' ~ini,itiou  of  pLTioardinl  friction  is  indicated 
■HT  »  s<i:-iii\{  liii ',  .v«%v^l  When  the  npex  bout  does  not 
HhvIi  Uie  L'rtgu  at   iliu  deep  cnrdiao  dulness,  ita  situation  i* 
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8ahli,  one  represents  superficial  dulness  in  blue  chalk  and  deep 
in  red,  one  can  not  only  make  the  record  clearer,  but  csin  also 
superpose  on  the  same  chart  auscultatory  phenomena  in  black 
symbols  without  clogging  it.  The  auscultatory  phenomena 
are  well  represented  by  the  following  symbols*  : — 

1.  Types  of  breathing;: — 
(a)  Vesiculnr. 


o   A    A 

None.        Inter-      Harsh,  with 
rupted.      expiratltm 
prolonged. 

A  "  /'\ 
/A    /A  //\\ 

Tubnlar  or       Medium-  Low- 

High-pitched,      pitched.         pitched. 

(rf)  Amphoric  00  00  00 


A   A    A 

Puerile.      Normal         Feeble. 
Adult. 


{b)  Transition  \  '•Bronchovesicnlar" 
Type.  J     or  indeterminate 


{e)  Bronchial. 


High- 
pitclied. 


2.  Accompaniments: — 
(a)  Friction.        AAAA 


Medium- 
pitched. 


Low 
pitclied. 


A'v/WW  A/naAVW 


or 


or 


or 


/ 


'/ 


Fine. 


// 


{b)  Dry  r&les. 


//- 


(e)  Moist  rales:— 

Non-consonat- 
ing. 

Consonating. 


Sibilant 
rhonchi. 


Fine. 


m 
Medium. 


/// 

Medium- 
pitched 
rhonchi. 


Medium. 


e 
Coarse. 


/// 

Sonorous 
rhonchi. 


QvAT 


♦  Mostly  after  Professor  WyV\i©. 


ing  inspicaliun,  ihs  lettol  J 


If  the  oct^ompaniniBntB  _ 

i  IB  preiixed  to  the  symhal ;  if  during  expiration,  a. 

Vocal  reaonunce  ie  indicated  b}r  tha  lelters  V.R,  foUoired   I 
by  +  1,  -|-  2,  +  3,  if  it  iii  slightly,  mudomtely,  or  greiitly  in- 
creaaed  ;  or  —  1,  —  2,  —  3,  ii  it  ia  proportionately  diniiniahod, 


Other  ph,vs:CBl 

the  alphabyl, 

the  appliiaiiou  ef  thece  ejcabi 


icjiled  by  varionj  letleri  of 
ipHoyiiig  figure  (Fig.  87)  illuBtnita* 


a9S 


CHAPTER  VIL 

The  Urine.  * 

The  method  of  interrogating  a  patient  whose  symp- 
toms point  to  an  affection  of  the  urinary  system  has 
already  been  described  (p.  9),  and  the  physical  exam- 
ination of  the  kidneys  has  been  considered  along  with 
that  of  the  other  abdominal  organs  (p.  78). 

In  this  chapter  we  propose  to  take  up  the  ex- 
amination of  the  renal  secretion. 

Collection  of  Samples. 

Owing  to  the  variations  in  the  composition  of  the 
urine  at  different  times  of  the  day,  the  sample  examined 
should,  if  possible,  be  taken  from  the  total  urine  of  tlie 
twenty-four  hours.  If  only  one  sample  can  be 
obtained  it  should  be  that  which  is  passed  about 
three  hours  after  taking  a  meal,  as  abnormal  ingre- 
dients are  then  more  likely  to  be  present.  The  sample 
should  be  poured  into  a  tall  conical  glass,  covered, 
and  allowed  to  stand  for  some  hours  in  a  cool  place. 
If  it  be  desired  to  preserve  the  urine  for  some  time, 
two  or  three  drops  of  formol  should  be  added. 

Any  suspended  matters  soon  settle  to  the  bottom 
of  the  glass,  and  the  examination  of  the  sample  may 
then  be  proceeded  with.  This  should  be  conducted 
(1)  physically,  (2)  chemically,  (3)  microscopically. 

SECTION  I.— PHYSICAL  EXAMINATION  OP 

THE  URINE. 

Attention  should  be  paid  to  the  following  points : 
(a)  Quantity,  (b)  colour,  (c)  consistence,  (d)  odour, 
(e)  density,  (/)  naked  eye  characters  of  the  fleposit. 

(a)  Quantity. — The    amount    oi    utyxv^    ^vvS8»\ 


w 


T/IS    l/RIKf.. 


I  few . 

m 


'ing  ttie  'luy  sliouIJ  be  mea-sured  separately  from 
that  passed  Juring  tile  night.  Tliesumof  itietwo^vea 
the  totiil  for  twenty-ffifir  hours.  The  lilniJder  sliould 
be  emptietl  at  a  fixed  honr— say  8.30  am.,  and  the 
product  discarded.  All  the  urine  passed  during  the 
day  is  carefully  collected,  and  the  bladder  emptied 
agaiii  at  8.30  p.m.,  the  product  being  added  to  the 
day's  aeoretion.    This  is  the  amount  of  the  "day  v/nne." 

The  bladder  is  again  emptied  at  8.30  next 
morning,  and  the  product  udded  to  that  which  has 
been  passed  during  the  night.  The  total  quantity 
is  the  "  niykl  urine."  This  added  to  the  day  urine 
gives  the  total  for  twenty-four  hours. 

It  is  often  difficult  to  collect  all  the  urine  that  is 
passed,  some  being  lost  with  the  motions.  This  is 
especially  the  case  with  children,  female  pntients, 
and  those  who  pass  their  evacuations  involuntarily. 
VVheru  great  accuracy  is  required,  recourse  must  be 
liad  to  the  citheter. 

A  healthy  adult  male  passes  on  an  average  50  oza. 
(1450  cc.)  of  urine  in  twenty-four  hours;  women  a 


The  following  table  represents  theamount  of  ui 
fed  daily  by  cliUdren  of  different  ages  (Holt)*  ; 


Churchil!,  in  s.  papflr  read  befnre  the  American  Pedifttrio 
?ty  iu  ISHS,  aaaertB,  bb  the  reeult  of  bie  own  olverTBiiicnig, 
the  amount  of  uriiic  posecd  by  ohildion  u  leas  than  is  usuallj 
auppmied.  He  gives  Uie  followiug  averagea  of  iiuaotity  and 
ipeciDc  gravity  at  different  ages  : — 

■"  Sficific  (iravitli. 
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0-2  ozs. 

3-8 

f)-13 

7-16 

8-20 
lG-26 
20-^0 
32-48 


>» 


» 


» 


)) 


» 


» 


>> 


First  24  hours 

Second  24  hours 

Three  to  six  days    ... 

One  week  to  two  months  ... 

Two  to  six  months  ... 

Six  months  to  two  years    ... 

Two  to  five  years    ... 

Five  to  eight  years ... 

Eight  to  fourteen  years 

Above  the  age  of  15  the  quantity  passed  is  about 
up  to  the  adult  standard. 

It  will  be  observed  that,  relatively  to  their_wei^t, 
children  pass  more  urine  than  adults.  This  is  to  be 
attributed  to  the  relatively  greater  activity  of  the 
metabolic  processes  in  children  and  to  the  more  fluid 
nature  of  their  diet.  The  above  quantities,  however, 
are  only  roughly  approximate,  and  in  many  cases  one 
will  find  that  the  amount  of  urine  excreted  by  a 
child  of  given  age  is  smaller  than  the  quantity 
tabulated. 

Normally,  very  much  more  urine  is  secreted 
during  the  day  t^ban  dtfring  the  night.  The  normal 
proportion  ot  day  urine  to  night  urine  is  :  :  100  : 
25-60.  Approximation  of  the  night  quantity  to  that 
of  the  day  is  always  abnormal,  and  is  especially  apt 
to  occur  in  chronic  renal  disease,  of  which,  indeed, 
it  may  constitute  one  of  the  earliest  signs.  Thus  the 
proportion  of  day  to  night  urine  may  become  ; :  100  : 
100  or  even  200.  The  solids  are  increased  in  proper 
tion  to  the  water. 

An  increased  secretion  of  urine  occurs  physiologi 
cally  after  increased  consumption  of  food  or  drink, 
and  after  exposure  to  cold.     Conversely,  one  finds  the 
secretion  dimhiished  when  little  food  or  drink   has 
been  taken,  and  after  exposure  to  heat — es^;jecia.\.Vs[  M 
followed  by  sweating. 
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A  'pathological  increase  in  the  urine  occurs  in 
diseases  associated  with  an  increased  arterial  pressure 
— e.g,  granular  kidneys — also  in  both  forms  of  diabetes, 
during  the  absolution  of  exudates  and  in  some  neurotic 
conditions — e,g,  hysteria.  Abnormal  dimintUion  of 
uiine  is  found  where  the  arterial  pressure  is  lowered 
or  the  intravenous  pressure  in  the  kidney  increased — 
e.g.  in  advanced  mitral  disease ;  also  in  all  fevers  and 
in  cerebral  irritation — e.g.  concussion. 

(6)  Colour  of  the  urine« 

Normal  urine  is  said  to  have  the  colour  of  amber 
or  pale  sherry.  The  exact  tint  fluctuates  widely  even 
in  health,  depending  upon  the  degree  of  dilution  and 
upon  the  reaction.  An  acid  urine  is  always  darker 
than  one  which  is  alkaline,  even  when  they  are  equally 
concentrated.  The  colour  of  normal  urine  is  due  to  a 
yellow  pigment,  to  which  the  name  of  urochrome  has 
been  given.  Urobilin  only  occurs  in  very  small 
quantity  in  the  urine  under  normal  conditions.  In 
febrile  and  some  other  diseases,  however,  a  large 
quantity  of  urobilin  may  appear  in  the  urine.  The 
latter  has  thon  a  warm  orange  colour,  and  usually 
shows  a  dull  pink   tint  at    the   apex  of  a   conical 


glass. 


If  examined  spectroscopically*  in  a  thin  layer  the 
urobilin   band   will   be   seen   in   the  green  between 

*  Tho  followiug  directions  for  the  spectroacopic  examination 
of  urin3  are  ^veu  by  A.  E.  Garrod : — 

1.  Usie  a  small  direct  visiou  spectroscope. 

2.  Examine  the  uriue  in  a  6oz.  conical  glass.  This 
permits  of  the  inspection  of  layers  of  different  thick- 
ness. 

3.  Hold  the  slit  one  inch  from  the  glass,  and  move  it  up 
and  down  the  entire  length  of  the  cone. 

4*   Either  daylight  or  artificial  light  may  be  employed. 
5»  If  in  doubt  as  to  the  bands,  shake  up  400  cc.  of  the 

nrine  with  50  or  60  cc.  pure  amylic  alcohol  and  a  few 

drops  of  acetic  acid.     Collect  the  layer  which  float». 

Clear  it  if  need  be  by  the  cddition  of  a  little  ethyl 

alcohol,  filter,  and  examine. 


Colour. 


299 


A  a?id  F  (Fig.  88).  Such  a  urine  is  often  dichroic — 
looking  red  by  transmitted  and  green  by  reflected 
light.  The  presence  of  excess  of  urobilin  may  be  ct)n- 
firmed  by  rendering  the  urine  strongly  alkaline  with 
ammonia,  filtering,  and  adding  to  the  filtrate  a  few 
drops  of  a  10  per  cent,  solution  of  chloride  of  zinc. 
If  excess  of  urobilin  is  pi-esent,  the  solution  becomes 
fluorescent. 

The  following  are  the  chief  varieties  of  alteration 
in  colour  of  the  urine,  with  tlieir  causes  : — 


GREEN 

Fl2.  88. 

1,  Spectrum  of  Urobilin. 

2,  Spe<trnin  ol  Urobilin  masked  by 

other  pigiiients. 

Pallor, — This  is  present  whenever  a  large  excess 
of  urine  is  being  secreted.  It  may  also  occur  from 
an  absolute  diminution  in  the  amount  of  urinary 
pigment.  This  is  the  case  in  diabetes ;  a  diabetic 
urine  is  pale  even  when  concentrated. 

Orange-coloured  or  reddish  hrown^ — After  the 
administration  of  rhubarb,  senna,  and  chrysophanic 
acid.  Distinguished  from  blood  by  the  fact  that 
addition  of  a  mineral  acid  causes  the  urine  to 
become  yellow,  while  an  alkali  turns  it  dark  red. 
Some  bilious  urines  are  also  of  an  orange  tint. 

Dark  brown. — This  may  be  due  to  methsemo- 
globin,    which    is    found    in    b»iiiOTT\v«i.%<fe  \siXft  \X:^^ 


n  to    tw 


TV/s  Urine. 


kidneys,  and  in  purosysmal  hitmogloliinuria.  Tile 
ipectroscope  shows  a  baud  in  tlie  red  in  addition 
to  two  bands  very  near  thoso  of  oxjluenioglgbin 
■     232). 

ifei— Prom  blood  (see  p.  336),  or  from  aniline 
contained  in  Bweets. 

Port-wine  coloured. — Due  to  the  presence  o£ 
.to|iorphyrin  {see  p.  338), 

Jirowiiitk  blank. — This  may  be  due  to  the  presence 
of  meUnin.  which  is  sometimes  excreted  in  the  urine 
in  caaea  of  extensive  meliinotic  sarcoma  wherever 
situated.  Such  a  itrine  usualiy  darkens  on  standing, 
and  may  even  become  quite  black.  It  does  not 
reduce  cupric  oxide  in  alkaline  solution.  On 
addition  of  ferric  chloride  the  nrine  yields  a 
brownish  turbidity,  or  even  a  black  precipitate  which 
is  soluble  in  excess. 

Oreenish  6/ac4.— From  the  presence  of  aromatic 
compounds  (hydi-otjuinone,  etc,)  after  the  administrai- 
tion  of  cnrifolic  acid,  guaiaool,  saloi,  reaorcin,  naphtha- 
line, etc. 

Greenish  or  yellowish  ffrfi.eii. — From  the  presence 
of  bile  (see  p.  353).  llie  administration  o£  santonin 
is  also  followed  by  a  yellowish  green  colour,  but  on 
adding  an  alkali  the  nrine  becomes  dark  red. 

Ydlowiih  and  viUky.  —  From  the  presence  of 
pus  (see  p.  356)  or  of  fat.  The  fat  may  form  an 
emulsion  as  in  cliyluria,  or  it  may  be  present  in  the 
form  of  droplets  which  float  on  the  surface  of  the 
urine  (lipuria) ;  the  latter  condition  sometimes  oooura 
in  advanced  fatty  disease  of  the  kidney.  The 
presence  of  fat  in  the  urine  can  always  be  shown  by 
the  addition  of  a  little  caustic  soda  and  ether.  On 
shaking  iip  the  mixlui'e  the  fat  ia  dissolved  out,  and 
is  left  behind  on  evaporation  of  the  ether. 

Bluinli  or  greenish  blite.- — This  occurs  when  the 
^M^iMjntolaa    >    large    excess   of    indigo-forn^ 
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substances — e.g,  in  some  cases  of  typhus.  It  is 
especially  seen  after  putrefaction  has  occurred. 

The  urine  may  be  opalescent  from  the  presence 
of  various  substances  in  suspension.  If  the  opal- 
e.scence  persi:its  after  filtration,  it  is  due  to  the 
presence  of  bacteria. 

A  slight  opalescence  which  causes  the  urine  to 
look  smoky  is  produced  by  the  presence  of  small 
quantities  of  blood  (see  p.  336). 

Alkaptonuria.'^ — This  is  a  condition  in  which 
the  urine  is  natural-looking  when  pass<'d,  but  when 
exposed  to  the  air  it  becomes  gradually  darker  from 
the  surface  downwards;  ultimately  it  may  be  dark 
brown  or  black.  It  is  due  to  the  presence  in  the 
urine  of  di-hydroxy phenyl  acetic  (homogentisinic) 
acid. 

It  may  occur  spontaneously  in  quite  healthy 
persons.  The  addition  of  an  alkali  causes  the  urine 
to  become  dark  at  once.  Such  urines  reduce  alkaline 
solution  of  cupric  oxide,  but  the  bismuth  test  for 
sugar  is  negative.  Urines  containing  melanin  also 
become  darker  on  exposure  to  the  air  owing  to 
oxidation  of  the  pigment,  but  they  do  not  reduce 
cupric  oxide. 

Carbolic  acid  urine  also  becomes  darker  on 
exposure  to  air  owing  to  the  oxidation  of  the  hydro- 
quinone  which  it  contains  into  pigments  not  yet  fully 
investigated. 

In  alkaline  urines  an  iridescent  pellicle 
frequently  appears  on  the  surface.  When  the  urine 
has  cooled  this  can  be  skimmed  ofi'  like  a  thin  brittle 
film.  It  is  composed  of  phosphate  of  lime.  The  idea 
formerly  entertained  that  such  a  pellicle  occura 
especially  in  the  urine  of  pregnancy  is  groundless. 

(c)    Consistence    of   urine. — In    health    the 

*  Alkapton  =:  Alkali  and  itdirT«ii',  from  the  aflanity  of  tha 
t)onipouiid  for  alkali. 


urine  ia  quite  watery  in  consistence,  it  mucb  sugar 
or  bile  is  presi^nt  it  is  leas  mubile,  and  in  the  presenoe 
of  bile  or  of  much  albumin  the  froth  n  hicli  forms 
(in  shaking  is  more  persistent  than  is  usnal.  Aikaliae 
urine  containing  pus  maj  be  quite  ropy.  A  special 
altemtion  in  consistence  occurs  in  the  condition 
known  as  Flhriunrla.  When  this  is  present  the 
urine  is  reddish  yellow  when  passed,  but  aooa  sets 
into  a  jellj,  which  contracts  somewhat  on  standing. 
If  only  little  fibrin  is  prasunt  the  whole  urine  may  not 
coagulate,  but  a  sticky  sediment  foruis  at  the  bottom 
of  the  vessel.  Fibrinuria  is  due  to  tbe  entrance  of 
blood  plasma  into  the  urinary  tract.  It  occurs  as  a 
very  rare  symptom  of  villous  growth  in  the  bladder, 
and  sometimes  also  after  tbe  administration  of 
cantharides.  The  fibrin  may  be  recognLsed  as  eucli 
by  washing  it  in  5  or  10  per  cent,  salt  solution,  with 
the  addition  of  a  little  thymol,  and  then  placing  in 
1  per  cent.  HOI.  It  swells  up,  but  is  not  dissolved 
unless  pepsin  be  also  added. 

(d)  OdoiiPp — Normal  urine  has  a  characteristic 
"  aromatic  "  odonr.  When  the  urine  has  stood  for 
some  time  the  odour  beoomea  ainmoniacaL  lu  cases 
where  there  is  an  abnormal  comraunicatioo  between 
some  part  of  the  urinary  tract  and  the  intestine  the 
odour  may  l^econie  ftecal.  In  acetonuria  the  odour  is 
fruity.  After  the  adtniuiatration  of  turpentine  the 
urine  has  an  odour  like  violets.  Cubebe,  santonin, 
and  some  other  drugs  also  impart  to  it  their  peculiar 
smells.  In  diabetes  the  odour  has  been  compared 
to  that  of  new-mown  hay. 

(e)  Density. — Clinically  the  specific  gravity  of 
urine  is  always  taken  with  the  iiistrnment  known  aa  a 
urinometer.  An  ordinary  nrinometer  is  gi-aduated 
for  a  temperature  of  15°  C,  and  will  record  variations 
in  specific  gravity  from  1000  up  to  1060. 

ifoto  totiwthe  uriTtoiiieter. — The  iirine  BbooM.lB 
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allowed  to  cool,  and  should  be  placed  in  a  tall  jar. 
wide  enough  to  allow  the  urinometer  to  float  freely 
without  touching  the  sides.  All  bubbles  must  be 
removed  from  the  surface  by  means  of  bibulous 
paper.  The  urinometer  should  be  wiped  clean  and 
placed  floating  in  the  centre  of  the  jar.  The  eye  is 
then  placed  level  with  the  surface  of  the  urine  and 
the  division  of  the  scale  to  which  the  latter  reaches 
read  off*.  Care  must  be  taken  to  read  the  level  of 
the  true  surface  of  the  urine,  not  the  edge  of  the 
rim  which  heaps  itself  up  around  the  shaft  of  the 
urinometer. 

If  only  a  small  specimen  of  the  urine  is  obtainable 
it  may  be  necessary  either  to  use  "specific  gravity 
beads,"  or  else  to  add  water  to  it  in  order  to  get 
enough  fluid  to  float  the  urinometer.  The  speciflc 
gravity  .found  is  then  multiplied  by  the  necessary 
figure  according  to  the  degree  of  dilution. 

Normal  urine  has  a  specific  gravity  varying  from 
1015  to  1025.  If  very  concentrated  the  specific 
gravity  may  rise  to  1035  even  in  health.  During 
the  first  month  of  life  the  specific  gravity  varies 
between  1001  and  1005,  but  by  the  second  year  it 
has  reached  1026  or  1030,  and  in  older  children  the 
urine  tends  to  be  rather  more  concentrated  than  that 
of  adults. 

In  normal  urine  the  specific  gravity  is  in  direct 
proportion  to  the  amount  of  urea  present.  An 
abundant  urine  of  low  specific  gravity  is  suggestive 
either  of  diabetes  insipidus,  or  of  chronic  renal 
disease.  An  abundant  urine  of  high  specific  gravity 
is  characteristic  of  diabetes  mellitus.  In  the  latter 
condition  the  specific  gravity  may  reach  1075 ; 
in  most  cases,  however,  it  is  between  1040  and 
1045.  In  diabetes  insipidus,  on  the  other  hand,  the 
specific  gravity  may  fall  to  nearly  that  of  di«X»^!Asfi. 
water. 
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presence  of  alijuinin  lu  tlie  urtne  doea  not 
materially  affect  Its  speciiic  gi'avilj.  It  should  also 
be  borno  in  mind  that  the  urinometer  ia  entirely 
unaffected  by  the  presence  of  merely  suspended 
Bubstimces. 

EsUiDiitian  of  the  amount  or  solids,— 
This  may  be  roughly  done  by  niulti|ilying  tliu  last  twu 
fif^iirea  of  the  BpeeiBo  gravity  by  233.  The  result  ifl 
the  number  of  grammea  of  solids  in  -1  litre  of  the 
ne,  or  the  number  of  grainB  of  solids  in  1,000  fluid 
liiis  of  nriiiB  ;  e.g.  if  the  specific  gravity  of  a  urine 
1020,  it  contains  20  x  2-33  =  46'(i  grammea  of 
soiids  in  every  litre,  or  4'6  i>er  cent.  This  multiplied 
by  4'375  gives  grains  per  ounce — in  tiiia  case  iO'l, 
"nie  average  daily  output  of  solids  in  the  iirine  is 
about  00  to  70  grammes  {2-2^  oz.).  The  above  mode 
of  calcuhition  is  not  apjilicaUle  to  urino  contuining 
alinormal  ingredients,  e.g.  sugar  or  albumin, 

(/)  JVaked-eye  cliaractcrs  of  tbe  deposit. 

— Wlien  normal  urine  has  stood  for  some  time  tberOi' 

appears  in  it  a  deposit  of  "  mucus."     This  forms  %  , 

woolly-looking    cloud    which   usually  settles  to  the 

bottom  of  the   glass,    but,    if  the  urine  be  of   high 

ipeciSc  gravity,  may  he  in  tbe  middle  of  the  glass  or 

isven  at  the  top.     It  should  be  mentioned  tliat  this 

substance  probably  does  DOt  consist  of  true  mucin.     It 

scribed  as  a  nucleo -albumin.     Thia,  how- 

10  means  certain,  as  the  body  has  not  been 

ivestigated  with  regard  to  the  presence  or  absence  of 

the  different  essential  characters  of  the  nucleo -albumin 

If  traces  of  blood  a.e  present  in  the  urine  the 
loud  of  "mucus"  has  often  a  brownish  tint. 

The  normal  urinary  ingi'edient«  which  may  sepa- 
rate out  in  the  form  of  a  deposit,  visible  to  tlie 
naked  eye,  are — earthy  phosphates,  urates,  and  frM 
miownd. 
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Pbosplialcs. — The  phosphates  of  calciuoi  and 
magnesium  separate  out  if  the  unne  is  neutral  or 
alkaline.  They  form  a  colourless  deposit.  It  can  be 
recognised  by  the  fact  that  if  a  little  of  it  be  trans- 
ferred by  a  pipette  to  a  test-tube,  and  some  dilute 
acetic  acid  added,  the  deposit  dissolves.  A  deposit 
of  pus  is  apt  to  be  mistaken  for  one  of  phosphates. 
They  may  be  distinguished  by  moving  the  glass  gently 
from  side  to  side.  It  will  then  be  found  that  a  deposit 
of  phosphates  is  more  docculent  and  less  compact  than 
one  of  pus,  and  the  surface  layers  of  it  are  easily 
detached  on  shaking,  and  float  up ;  this  does  not 
happen  in  the  case  of  pus.  Acetic  acid  also  does  not 
dissolve  pus,  while  the  addition  of  caustic  alkali 
renders  it  ropy.  If  the  urine  be  acid,  however,  and 
its  reaction  has  not  been  tested,  a  deposit  of  pus  cannot 
be  distinguished  with  the  naked  eye  from  a  deposit  of 
phosphates.  It  should  also  be  borne  in  mind  that 
deposits  of  phosphates  and  pus  often  occur  together. 

Urates.— The  urates  of  sodium,  j)Otassium,  and 
ammonium  may  form  a  deposit  if  the  urine  be  con- 
centrated or  highly  acid.  They  may  appear,  even  in 
health,  when  the  urine  cools.  Owing  to  their  affinity 
for  the  urinary  pigmt^nts  the  deposit  is  usually 
coloured,  being  commonly  red,  or  like  terra-cotta,  form 
ing  what  is  known  as  the  "brick-dust*^  deposit* 
If  the  urinary  pignient  be  scanty,  however,  the  deposit 
may  be  merely  yellowish,  or  even  colourless.  Deposits 
of  urates  can  always  be  recognised  by  the  fact  that 
they  disappear  rapidly  on  heating  the  urine.  The 
heating  ought  to  be  accomplishi'd  gradually,  because 
the  urine  might  also  contain  albumin,  which,  if  the 
urine  were  rapidly  heated,  might  be  coagulated  before 
the  deposit  of  urates  had  all  had  time  to  clear  up,  and 
thus  confusion  might  ari.-e.  Acetic  acid  does  not 
dissolve  a  deposit  of  urates.  On  the  other  haivd^ 
strong  mineral  acids,   such   as  nitric  a.c\<dL^  ^-^saw^^:^. 
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the  deposit  at  once   with    the  production   of  effer 
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Acid  urate    of  soda  is   a   rare  de|>03it.      It 
acid  urines.     It  EomiB  a  yellowish,  gi'anular, 
.eandy-Iooking  sediment.     It  doea  not  dissolve  readily 
on  heating. 

Acid  nraic  or  ammonin  forms  a  very  similar 
deposit,  but  it  occurs  in  ammoniacal  urines,  and  is 
therefore  mixed  up  vith  a  deposit  of  pbosphatts. 

ITric  acid.— This  may  form  a  acanty  deposit 
visible  to  the  naked  eye.  The  deposit  occui's  in  the 
form  of  crystalline  grains  of  a  darkish  brown  colour, 
iind  is  therefore  known  as  the  "  cayenne-pepper 
deposit."     When  in  doubt  use  the  microscope. 

The  sulphates  practically  never  form  urinary 
deposits.  Oxalates  do,  but  the  deposit  is  always 
i,«canty,  mixed  up  with  the  cloud  of  mucus,  and  not 
easy  to  recognise  with  the  naked  eye.  We  have  already 
Bpoken  of  the  occurrence  of  fibrin,  and  the  other 
abnormal  ingredients  which  may  he  deposited  will  be 
described  in  the  section  on  the  microscopical  examina- 
tion of  the  urine. 

We  would  warn  the  reader  against  the  common 
inifltake  of  supposing  that  a.  substance  is  necesgarily 
being  excreted  in  excess  when  it  appears  in  tbe  urine 
in  the  form  of  a  deposit.  This,  of  coui'se,  is  not 
necessarily  the  case  at  all.  Thus  the  occurrence  of  a 
"  cayenne-pepper  "  deposit  does  not  necessarily  mean 
that  the  patient  is  excreting  an  excess  of  uric  acid. 
It  may  merely  be  due  to  the  fact  that  the  condilioiiB 
1  normally  cause  the  uric  acid  to  Im  in  solution 
become  mollified.  The  urine  may  be  abnormally 
acid,  for  example,  or  it  may  be  deficient  in  colouring 
matter  or  in  salts,  all  of  wliicli  conditions  tend  to 
.lessen  the  solubility  of  uric  acid,  and  to  favonr  its 
^ideposition  in  the  form  of  ci-ystals.  Similarly' 
deposit  of  phosphates,    Th^tdoesRc' 
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that  more   phosphoric   acid  is   being  eliminated;  it 
merely  indicates  that  the  urine  has  become  alkaline. 

SECTION  II.— CHEMICAL  EXAMINATION 

OF  THE  URINE. 

1.  Reaction.— This  is  taken  with  litmus  paper. 
The  urine  is  usually  acid  in  reaction.  This  is  not 
due  to  the  presence  of  free  acid,  but  to  acid  salts — 
chiefly  the  acid  phosphate  of  sodium  (NaH^PO^). 
Sometimes  the  reaction  is  blue  to  red  litmus  paper, 
and  red  to  blue  litmus  paper.  This  amphoteric  le- 
action  is  due  to  the  presence  of  large  quantities  of 
(he  disodic  phosphate  (Na,HPO^)  in  addition  to  the 
acid  salt.  It  has  no  clinical  significance.  The  urine 
may  be  normally  alkaline  after  meals.  This  is  some- 
times known  as  the  "  alkaline  tide.**  It  reaches  its 
acme  three  hours  after  the  taking  of  a  meal.  It  is 
chiefly  due  to  the  disodic  phosphate  replacing  the  • 
acid  salt.  Alkalinity  of  the  urine  may  be  due  to 
ammonia.  This  can  be  detected  by  its  smell,  also  by 
the  fact  that  if  the  red  litmus  paper  which  has 
been  turned  blue  be  heated,  the  red  colour  is  restored, 
owing  to  the  ammonia  being  driven  ofi*. 

The  degree  of  acidity  of  the  uiine  cannot  be 
measured  by  direct  titration  with  a  standard  alkaline 
solution  in  the  usual  way,  for  the  reason  that  none  of 
the  phosphates  of  sodium  react  neutral  to  the  usual 
indicators.  To  those  who  might  wish  to  make  the 
estimation  the  method  of  Lieblein*  may  be  recom- 
mended, but  it  is  too  complicated  for  general  use.  In 
any  case  the  exact  quantitative  estimation  of  the 
acidity  of  the  urine  is  of  no  clinical  service.  For 
ordinary  purposes,  the  intensity  of  the  red  colour 
produced  in  litmus  paper  is  a  sutiicient  indication 
of  the  degree  of  acidity. 

*  Neubauer  &  Vogel,  "Analyse  dea  Hams,"  lQ\ii'E.^M'&'^'^^" 
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2.  KxHtnlnailon  of  the  uriiip  for  U«  nor- 
IBrI  non-niIroKenou8  cousliiucnls. 

(1)  Chlorldes^Chloride  of  sodium  is  the  chief 
inorganic  constitaeiit  of  normal  iiriae.  Small  cjiianti 
ties  of  the  potassium  salt  also  occur. 

Qualitative  l^at  for  tiieir  pTesenee.^Fiiter  the 
nrinu  if  not  alrendy  clear.  If  albumin  is  present, 
remove  it  by  boiling.  Add  to  J  an  inch  of  the  urine 
in  a  test  tube  a  few  drops  of  nitric  acid  (be  sure  that 
tlie  acid  used  is  quite  pure  and  free  from  HCl),  and 
then  as  much  of  a  3  per  cent,  Eoliition  of  nitrate 
of  silver  as  there  is  of  urine.  If  the  normal  amount 
of  chlorides  is  present,  an  abundant  curdy  precipitate 
apjieura  at  once.  If  the  chlorides  are  diminished,  the 
solution  merely  becomes  milky.  If  a  mere  trace  of 
them  is  present,  the  solution  is  opalescent,  and  if  tliey 
are  altogether  absent  it  remains  quite  clear. 

Tlie  use  of  the  nitric  acid  is  to  prevent  the  precipi- 
tation of  pliosphatc  of  silver. 

Quanlitttlire  nslimation. — For  ordinary  clinical  use 
inohr's  inolliod  is  to  be  recommended.  One  pro- 
ceeds aa  follows : — 

Place  10  cc.  of  the  urine,  freed  it  necessary  from 
klbumin,  in  a  beaker,  and  mixed  with  50  co.  of 
distilled  water.  Add  three  drops  of  a  solution  of 
neutral  chromate  of  potassinm  (I  in  20}  and  a  pinch 
of  calcium  carbonate.  The  use  of  the  latter  is  to 
neutralrse  any  free  acid  that  may  be  present.  Fill  a 
burette  with  standard  solution  of  nitrate  of  silver 
(Appenilix,  0),  Hun  the  silver  solution  into  the 
Iwaker,  stirring  all  tlietime.  Aprecipitateof  chloride 
of  silver  falls  out.  Wlienevor  the  least  trace  of  a 
pink  colour  appears,  atop.  This  can  be  best  appre- 
oiiitcd  by  allowing  the  precipitate  to  settle,  which  il 
quickly  does.  If  the  sediment  is  in  the  least 
•coloured,  enough  silver  solution  has  been  added, 
the  pink  colour  indicates  " 
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silver  has  united  with  all  the  chlorides  present  aiid 
has  begun  to  form  chroma te  of  silver  with  the  potas- 
sium chromate. 

CalctUation, — One  cc.  should  be  deducted  from  th^ 
total  numl)er  of  cc.  of  silver  nitrate  used  The  reason 
for  this  is  that  there  exists  in  urine,  besides  chlorides, 
other  substances  with  which  the  silver  unites  more 
readily  than  it  does  with  the  chromate.  Roughly, 
the  deduction  of  1  cc.  is  sufficient  to  allow  for  these. 
Every  remaining  cc.  of  the  solution  used  is  equivalent 
to  10  miUigrammes  of  sodium  chloride.  Suppose 
1 1  cc.  to  have  been  used  in  all,  deducting  1  cc.  there 
.is  left  10  ca  This  is  equivalent  to  100  mg.  sodium 
chloride,  which  will  be  the  quantity  of  chlorides  in 
the  amount  (10  cc.)  of  urine  used.  If  1,500  cc.  was 
the  amount  of  urine,  in  twenty-four  hours  it  will 
contain  1 5  grammes  of  sodium  chloride. 

For  the  accurate  estimation  of  small  quantities  of 
chlorides  in  the  urine  the  method  of  Volhard  should 
be  employed,  but  for  a  description  of  it  special  works 
must  be  consulted.  i 

About  12  grammes  represents  the  average  daily 
excretion  of  chlorides  in  health.  The  chief  cause 
of  physioiogical  variation  is  the  nature  of  the  diet. 
Pathologically,  chlorides  are  found  to  be  diminished 
in  all  febrile  affections  with  the  exception  of  malaria. 
In  the  latter  disease  the  chlorides  arc  increased  during 
the  febrile  period,  diminished  in  the  apyrexial  in- 
tervals. In  acute  croupous  pneumonia,  the  chlorides 
are  more  markedly  diminished  than  in  any  other 
fever.  They  may  indeed  disa[)pear  entirely.  We 
regard  their  behaviour  as  of  great  diagnostic  value. 
In  no  other  disease,  except,  perhaps,  typhus  and  rheu- 
matic fevers,  does  such  a  notable  diminution  occur.  In 
the  diagnosis  of  pneumonia  from  empyema  and  pleurisy 
the  test  is  of  special  help.  The  chlorides  are  increased 
after  the  crisis  in  pneumonia,  the  increaa^^Vvo'^'^N^^^ 
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not  uiuaJIy  munifestiiig  itself  til]  the  third  day  after 
fever  had  ceased,  and  also  in  cases  where  the  rapid 
nbsoiption  of  a  krge  exudation  is  taking  place. 

(2)  Phospliales.— Phoaplioi'ic  acid  occurs  in  tlie 
nrine  in  two  chief  forms  of  com 
with  potagsium,  tioilium,  and  i 
alkaline  phospliatca ;  with  calcium  and  magnesium,  the 
earthy  phosphates.  Three-fourtha  of  the  total  phos- 
phoric acid  ia  combined  with  the  alkalies,  and  only 
one-fourth  with  the  earths.  Tlie  alkaline  phosjiliates, 
heing  readily  aoluble,  never  form  a  deposit.  The 
earthy  phosphates  are  insoluble  in  an  alkaline  medium, 
hence  they  are  precipitated  when  the  urine  loses 
its  acid  reaction.  Thb  precipitation  is  aided  by  the 
action  of  heat.  The  beat  probably  acts  by  driving  oS 
carbonic  acid.  Hence  if  a  urine,  the  reaction  of 
which  is  not  acid,  be  heat«d,  a  cloud  of  earthy  phos' 
pliatea  may  appear.  This  ia  distinguished  fi'oni  albu- 
min by  its  ready  disappearance  on  adding  a  few 
drops  of  acetic  acid.  "■ 

Quaiilalive  tests  for  phosfhonc  acid  in  urine. — 
Place  liulf  an  inch  of  clear  urine  is  a  test  tube.  Add 
a  few  drops  of  a.  solution  of  uramum  acetate  or 
nitrate  and  a  little  sodium  acet»te  solution  (Appendix, 
11).  A  somewhat  greenish  jirecipitate  which  does  not 
disappear  on  adding  acetic  acid  indicates  the  pi'esence 
of  phosphates. 

Quantitaiivs  estimation. — Fill  a  burette  with 
■tandarti  solution  of  uranium  nitrato  (Appendix,  10). 
Measure  50  cc.  of  the  urine  to  be  exaiiuned  into  a 
porcelain  dish  or  a  medium-sized  iMiaker.  (If  the  urina 
ia  very  concentrated,  20  cc.  of  it  will  be  sufficient.) 
Add  to  the  urine  6  cc.  of  aii  acetic  acid  solution 
of  acetate  of  soda  (Appendix,  11),  If  only  20  ca 
urine  were  taken,  add  2  cc.  of  the  solution.  Add 
also  a  few  drops  of  tincture  of  cochineal  to  serve  ai 
MB  indicator.     Heat  the  urine  on  a  water  bath.    3ttJ 
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the  latter  is  not  obtainable,  use  a  tripod  covered  with 
wire  gauze.  The  urine  should  be  heated  to  a  temper- 
ature Jt^^  Bhort  of  boiling.  When  heated,  run  in  the 
uranium  solution,  stirring  all  the  while.  As  a  rule, 
16  cc.  may  be  run  in  right  away.  A  precipitate  of 
uranium  phosphate  falls  down.  Continue  cautiously 
to  add  the  uranium  solution  until  the  precipitate  has 
a  slight  hut  persistent  greenish  tint.  This  is  a  sign 
that  the  uranium  has  united  with  all  the  phosphoric 
acid  present  and  is  beginning  to  re-act  with  the 
cochineal.  The  presence  of  -  albumin  or  sugar  does 
not  affect  the  reaction.  The  use  of  the  acetate  of 
soda  in  the  above  process  is  to  unite  with  the  nitric 
acid  liberated  by  the  union  of  the  uranium  with  the 
phosphoric  acid. 

Calculation, — Suppose  20  cc.  uranium  solution 
have  been  required.  The  solution  was  made  of  such 
a  strength  that  each  cc.  ^  5  milligrammes  phos- 
phoric anhydride ;  20  cc.  are  therefore  equivalent  to 
0*1  gramme  PgOg,  and  that  is  the  amount  in  50  cc. 
urine.  If  the  patient  is  passing  1,500  cc.  urine  in 
twenty-four  hours,  his  daily  excretion  of  P2O5  will 
be  3  gi  ms. 

formally,  2-3  grms.  of  phosphoric  anhydride 
are  excreted  daily.  Physiological  variations  depend 
chiefly  upon  the  food.  The  phosphates  are  often 
considerably  diminished  in  renal  disease,  but  not, 
apjarently,  out  of  proportion  to  the  other  solids  of 
the  urine.  They  are  said  to  be  increased  in  wasting 
disei  ses  of  the  nervous  system.  Their  behaviour  in 
fever  is  inconstant. 

(3)  Sulphates. — Sulphuric  acid  occurs  in  the 
urine  in  combination  with  sodium  and  potassium 
(inorganic  sulphates),  and  with  cresol,  phenol,  indol, 
skatol,  pyrocatechin,  etc.  (organic  sulphates).  The 
former  are  ten  times  more  abundant  tli«»\i  Vkw<& 
latter. 
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Efew  dfops  of  hydrocLloric  acid  and  one-tliird  of  its 
hlume  of  10  per  <«Dt.  bariiim  chlotido  solution.  If 
the  normal  amount  of  Bulphatea  is  present,  an 
opaque  milkineas  develops.  If  tLe  precipitate  is  thick 
and  ci«ainy,  the  sulphates  are  in  ezceES ;  if  a  mere 
opalescence  appears,  thej  are  diminished. 

About    2^   grma.   of    sulphuric   acid     (SO,)   are 

exci-eted  daily.     He  exact  determination  of  the  total 

'  siilphates,   and   of    the  proportion    of  inorganic  to 

organic,  is  a  grafimetric  [jrocess  unsuited  for  ordinary 

clinical  work. 

An  approximate  notion,  however,  of  the  proportion 
of  orgnnic  sulphalCH  present  may  be  obtained 
by  the  following  procedure:  Add  to  the  urine  an 
equal  volume  of  alkaline  barium  chloride  solution  (two 
parts  of  baryta  water  to  one  part  of  barium  chloride 
solution).  This  precipitates  the  tnor^antc  snlphatea 
along  with  phospLutes.  Filter,  Bender  the  filtrate 
pretty  strongly  acid  with  hydrochloric  acid,  and  heat 
ftlmost  to  boiling.  The  organic  suljihates  are  thus 
decomposed  and  thrown  down  in  the  inorganic  form. 
Normally  they  should  form  merely  a  white  cloiid.  If 
tlie  precipitate  is  at  all  dense  the  propoiiion  of 
organic  sulphate  is  in  eiicess. 

The  total  suljihates  are  increased  by  an  increase 
in  the  diet,  and  in  fever.  The  amount  of  sulphuric 
acid  excreted  in  organic  combination  is  increased 
when  a  larger  quantity  than  usual  of  the  aromatic 
substances  with  which  it  is  combined  entei's  the 
circulation.  This  occurs  when  phenol  and  allied 
rabstances  are  given  as  drugs,  or  when  the  production 
of  such  Bubstances  in  the  body  is  increased,  as  it  is 
whenever  putrefactive  processes  are  going  on.  Thus 
the  amount  of  organic  sulphates  is  increased  in  cases 
where  putrid  abscesses  have  formed,  or  where  there  ia 
retention  ol  the  intestinal  contents. 
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(4)  Oxalates. — Oxalic  acid  occurs  in  the  urine, 
combined  with  calcium.  The  salt  is  usually  kept  in 
solution  by  the  acid  phosphate  of  sodium  present  in 
the  urine.  It  is  found  as  a  precipitate,  however,  in 
about  one  urine  out  of  every  three.  TJiis  is  due  to 
the  absence  of  a  sufficient  amount  of  the  phosphate  of 
soda  to  keep  it  in  solution.  It  does  not  necessanly 
mean  that  the  excretion  of  oxalic  acid  is  increased, 
although  it  is  true  that  the  more  oxalic  acid  there 
is  pi'esent,  the  greater  is  the  tendency  for  it  to  be 
precipitated.  About  0*017  grm.  is  the  average 
amouut  of  oxalic  acid  excreted  daily.  It  is  prob- 
ably all  deiived  from  the  food.  It  is  increased 
after  the  taking  of  certain  vegetables,  especially 
cabbage,  tomatoes,  and  rhubarb.  The  so-called 
"  oxaluriu "  seems  to  be  merely  a  variety  of  acid 
dyspepsia. 

3.  Examination  of  the  urine  for  its 
normal  nitrogenous  constituents. 

Of  the  total  amount  of  nitrogen  in  the  urine — 

84-87%  is  in  the  form  of  urea ; 
2-  5^        „  „         ammonia  compounds  \ 

1-  3%         „  „         uric  acid ; 

7-10%         „  ,,         "extractives" 

(including  xanthin  bases). 

Estimation  of  toted  nitrogen  by  KjeldoMa  met/iod 
(modified). — Measure  out  5  cc.  of  urine  with  a 
pipette  and  place  it  in  a  Kjeldahrs  flask  of  about 
150  cc.  capacity,  add  to  it  15  ca  of  pure  sulphuric 
acid  and  a  crystal  of  pure  sulphate  of  copper  about 
the  size  of  a  split  pea ;  heat  on  net  till  the  mixture  is 
colourless  or  pale  green ;  this  takes  about  half  an  hour 
or  less ;  violent  boiling  should  be  avoided.  Allow  to 
cool,  then  dilute  with  50  cc.  of  distilled  water,  again 
allow  to  cool,  transfer  to  a  distillation  ^a&k  ol  «i^\>X» 
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capacity,  and  add  enough  23%  solution  of  ci 
tic  soda  to  render  tlie  mixture  almost  neutral  ;  add  also 
a  jiincli  of  talu  to  prevent  bumping.  When  cool  add 
more  soda  (till  tbo  fluid  is  deep  blue  in  colour),  and 
dose  ftt  ouce  with  the  ato|iper  connected  to  the  oon- 
denaing  tube  of  the  distillation  apparatus;  ineaanre 
into  a  flask  100  cc.  of  a  decinormal  solution  of  oxalic 
acid,  and  let  the  lower  end  of  the  condensing  tube 
just  dip  below  the  surfiice  of  this  solution  ;  then  boil 
the  blue  fluid.  The  nitrogen  passes  off  in  the  form  of 
ammoria  and  is  fixed  by  the  oxalic  acid.  When  the 
fluid  which  d[-opa  fi'om  the  condenser  has  no  longer 
an  alkaline  reaction,  stop  the  jirocess  by  removing  the 
stopptii'  fi'Om  the  flask.  Care  must  be  taken  that  at 
the  end  no  alkali  comi  a  over  from  the  flask  contain- 
ing the  strongly  alkaline  fluid,  as  is  rather  apt  to 
occur  nlould  there  be  bumping.  Titrate  the  100  CO. 
of  deciuormal  o>alic  acid  with  a,  deciuormai  soda 
solution,  u.sing  metbyl  orange  or  neutml  lacmoid  aa 
indicator.  Every  cc.  of  soda  less  than  ahundfcd  used 
represents  OOli  grni.  of  nitrogeu, 

Eosample. — Suppoee  that  oo  titrating  the  oxalic 
acid  solution  with  decinormal  soda  the  neutral  point 
is  reached  when  60  cc.  of  the  latter  have  been  added ; 
the  remaining  40  cc,  of  the  decinomial  oxalic  taken 
must  therefore  have  been  neutralised  by  the  animonift 
derived  from  the  nitrogen  in  the  B  cc.  of  urine,  tber&- 
fore  the  5  ca  of  urine  contain  -0014  x  40  grma. 
nitrogen,  or  '056  grm.  If  the  total  amount  of  urine 
passed  in  24  hours  be  1500  cc,  this  will  contain  16-8 
gnns.  of  nitrogen. 

About  16'20gnns.  of  nitrogen  are  excreted  daily 
in  the  urine  of  a  healthy  adult  on  ordinary  diet.  A 
knowledge  of  the  quantity  excreted  i  " 
of  much  value  unless  one  has  some  idea  of  the  amount 
of  nitrogen  in  the  diet.  It  must  be  remembered  also 
ra/// 2-^  l^rnia.  of  nitrogen  appear  in 


I 


Ursa.  315 

Urea  (CO(NHj)j). 

Qtuilitative  test /or, — Place  a  drop  or  two  of  thfi 
suspected  fluid  on  a  slide  and  add  one  drop  of  nitric 
acid,  warm  gently.  On  evaporation  rhombic  or  hex- 
agonal crystals  of  nitrate  of  urea  will  bo  found  if  the 
latter  body  is  present. 
(Fig.  89). 

Quantitative  Estima- 
tion, 

1.  From  the  apecijic 
gravity. — An  approximate 
estimation  of   the  amount 

of  urea  may  be  made  by  pig.  sd.-tiifea  ni(rat«. 

dividing  the  last  two 
figures  of  the  specific  gravity  by  10 — e.g.  if  the 
specific  gravity  of  a  given  urine  be  1020,  it  contains 
(approximately)  2%  of  urea ;  this  only  holds  good  in 
the  absence  of  sugar,  or  much  albumin,  and  if  the 
patient  is  not  very  feverish, 

2.  From  the  amount  of  nitrogen  given  off  on 
treating  the  urine  vnth  hypobromite  of  soda 

This  method  depends  upon  the  fact  that  urea  is 
decomposed  by  hypobromite  of  soda  according  to 
the  following  equation — CO(NH2)2  -h  3NaBrO  = 
3NaBr  +  N^  +2H2O  x  COg.  It  is  found  that  under 
ordinary  conditions  1  gramme  of  urea  yields  37 1  cc. 
of  nitrogen ;  all  that  is  necessary,  therefore,  is  to 
remove  the  COj  by  means  of  an  alkali  (caustic  soda), 
and  to  measure  the  remaining  volume  of  gas  and 
to  calculate  from  it  the  amount  of  urea  which  was 
contained  in  the  quantity  of  urine  taken.  The 
various  forms  of  apparatus  employed  in  carry- 
ing out  the  process  differ  chiefly  in  the  method 
adopted  for  catching  and  mefisuring  the  nitrogen 
given  otf. 

The  number  of  cc.  of  nitrogen  given  ofif  (frotvv 
5  cc,  urine)  multiplied  by  0  056  =  gnaa.  0I  \x\^^  Ssv 
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i.e.,  tlie  percciitiige,  anil  this  multiplied 
by  4-37&  =  gi-aiua  of  urea  in  1  oz.  ot  urine. 

The  following  are  the  chief  forms  of  apparatus 
employed  : — 

(1)  Diipr&'i! ;  The  apparatus  conaistB  of  a  cylinder 
filled  with  water,  into  which  dips  a  burett«  open  at 
the  lower  end,  and  connected  above  with  a  T-piefC 
attached  by  one  limb  to  a  short  rubber  ttibe  provided 
with  a  clip,  and  by  the  other  connected  with  a  small 
bottle  closed  with  a  rubber  stopper.  25  cc.  of  hypo- 
bromit«  solution  are  measured  into  thi)  bottle,  and 
5  cc.  of  urine  into  the  little  tulie  provided  for  it,  and 
the  latter  is  then  lowered  into  the  bottle  and  leant  up 
against  its  side.  The  stopper  is  inserted  in  the  bottle, 
and  the  level  of  the  water,  both  in  the  cylinder  and 
the  burette,  is  then  adjusted  till  it  is  opposite  the 
zero  niai-k  on  the  bui-ette.  This  is  done  by  raising  or 
lowering  the  burett*.',  whilst  the  clip  at  the  top  is  kept 
ojien.  When  the  water  is  level  the  clip  is  closed,  the 
urine  and  hj-pobroiiiite  mixed  by  inverting  the  bottle, 
and  the  gas  collecteil.  After  a  quarter  of  an  hour, 
the  burette  is  raised,  till  the  water  in  it  is  ugain  on  a 
level  with  that  in  the  cylinder,  and  the  amount  of  gas 
evolved  read  ofl'.  The  burette  is  gmduated.  in  lines, 
which  show  the  percentage  of  urea,  and  by  multiply- 
ing these  by  4'375  one  arrives  at  the  number  of 
grains  per  ounce. 

(2)  GerranTu  ureotneler  (Fig.  90). — This  consists 
of  a  graduated  glass  cylinder  closed  at  the  upper  end 
by  a  rubber  stopper.  Through  the  stopjier  there 
passea  a  T-tube.  One  limb  of  this  tube  is  closed  by 
a  clip  or  stopcock,  the  other  is  connected  to  a  piece  of 
rubber  tubing.  The  other  end  of  the  rubber  tubing 
terminates  in  a  piece  of  glass  tube,  which  is  inserted 
into  tlie  rubber  Btopp<'r  of  a  wide-mouthetl  tiask  of 
about  6  ot.  capacity.     From  the   lower  end   of  the 

luntedcylinder  another  rubber  tube pasHBtDftSl 
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vide  gtasB  tube  open  at  its  upper  end.  The  object  of 
this  tube  is  to  act  as  a  reservoir  of  natflv.  It  can  be 
slipped  up  and  down  upon  the  cylinder  by  meaoB  of  » 
metal  ring. 


ute  the  apparatus. —  Place  in  the  glass 
of  hypobioniite  solution  (Appendix, 
12),  An  excess  of  hypobromite  does  no  liarm — 
one  must  merely  be  sure  that  enough  is  taken 
to  decompose   all    the   urea    likely  to    be  {>:i>^'a&  ^ 
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rine.  Measure  5  cc.  of  urine  into  the  small 
glaBB  lube  providerl  for  tbe  pui-pose.  If  the  urine 
contains  albumin,  the  latter  must  be  lirst  removed. 
This  is  beat  done  by  taking  a  dehnite  quantity  of 
urine — nay,  50  cc. — adding  to  it  a  drop  or  two  of 
acetic  acid,  and  boiling  for  a  couple  of  minutes. 
Filler  und  mnlte  up  to  its  original  volume. 

The  small  tul«  containing  the  urine  must  now  be 
lowered  into  the  flask.  This  is  beat  done  by  inserting 
the  point  of  the  little  finger — not  too  tightly — into 
h  of  the  tulip.  Tlie  latter  must  then  be 
inupped  up  against  tlie  inner  surface  cif  the  ila<:k  En 
as  to  prevent  the  hvpnliromit*'  solution  from  mixing 
with  the  urine.  The  reservoir  of  the  graduated 
cylinder  must  now  he  tilled  with  water.  The  stopper 
is  then  tightly  inserted  into  the  mouth  of  the  flask. 
The  clip  or  stopcock  must  now  lie  openpd,  and  the 
reservoir  raised  until  the  water  inside  the  cylinder 
t^tunda  at  the  zero  mark,  and  is  letel  with  that  in  the 
reservoir.  The  water  must  also  be  very  low  down  in 
the  latter,  else  there  will  be  an  overflow  subsequently. 
Now  close  the  stopcock  and  gently  tilt  the  flask  so  as 
to  allow  the  urine  and  hypobromite  solution  to  mix. 
Crreat  effervescence  ensues,  and  the  nitrogen  liberated 
enters  the  cylinder  and  drives  water  out  of  it  up  into 
the  reservoir.  Wait  for  ten  minutes  to  allow  cooling 
lo  take  place.  Then  lower  the  reservoir  untU  the 
water  in  it  and  the  cylinder  ore  again  level,  and  read 
oil'  the  amount  of  gas  in  the  latter,  llie  cylinder  is 
graduated  in  percentage  of  urea.  To  get  the  number 
of  giaina  per  ounce,  multiply  this  by  4 '375. 

In  normal  urine  only  !)2  per  cent,  of  the  nitrogen 
of  the  urea  is  given  ofl'.  If  sugar  be  present,  the  yield 
is  for  some  reason  much  larger,  amounting  to  about 
tJO  pet'  cent  In  Oerrard's  instrument  the  scale  i> 
coHHtructed  for  normul  urina  In  cases  of  diabeteii) 
ttiertifore,  it  is  necessary  to  correct  one's  result  \ 
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multiplying    the    figure    obtained    by    |f,    i.6.    by 
0-93. 

(3)  Ureomettr  of  Doremus.* 

This  is  a  veiy  simple  and  cheap  form  of  apparatus, 
devised  by  Dr.  Chas.  Doremus,  of  New  York.  Modi- 
fications of  it  are  sold  by  Southall  (Birmingham)  and 
Cooper  (London).  It  consists  of  a  bent  tube  with  a 
long  limb  closed  at  its  upper  end,  and  a  short  limb 
which  expands  into  a  wide  bulb  with  an  open  mouth. 

In  using  the  instrument  it  must  first  be  tilled 
with  hypobromite  solution.  Hold  the  tube  vertically, 
and  pour  in  the  solution  just  short  of  overflowing. 
Then  gently  incline  the  instrument  so  that  the  solu- 
tion fills  the  long  limb  as  far  as  the  mark  near  the 
bend,  and  no  air  bubbles  are  present.  A  little  water 
should  then  be  added  to  fill  the  rest  of  the  bend  and 
the  lower  part  of  the  bulb.  Th^  instrument  may  now 
be  fixed  in  its  stand. 

One  cc.  of  urine  has  next  to  be  measured  out  with 
the  pipette  provided.  This  is  where  the  diflficulty  in 
using  the  instrument  comes  in.  In  order  to  accom- 
plish it  successfully,  proceed  as  follows : — Slip  ,  the 
rubber  nipple  high  up  upon  the  pipette.  Compress 
the  nipple,  and  immerse  the  point  of  the  pipette 
just  below  the  surface  of  the  urine.  Then  allow  the 
nipple  to  expand  fully.  Urine  will  be  drawn  up 
beyond  the  mark.  Now  slide  the  nipple  bodily  down 
with  the  finger  and  thumb  over  the  rimmed  end  of 
the  pipette.  This  displaces  the  urine.  Continue  the 
displacement  till  the  mark  is  reached.  The  pi^iOtte 
will  now  keep  itself  charged  with  exactly  1  cc.  of 
urine.  Wipe  the  outer  surface  of  the  pipette,  and 
insinuate  the  end  of  it  as  far  as  it  will  go  into  the 
long   limb    of  the    apparatus.      Now   compress    the 

*  Also  known  as  Southairs  or  Thursfield's  Ureometer.  A 
modificatioii  of  this  apparatus  by  Hinds  has  many  advanta^e^ 
9yer  the  original. 
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ipple  so  as  to  squeeze  out  all  tbe  urinft,  an<l  then 
withdraw  tbe  pipette,  keeping  up  the  compression 
unlii  it  is  out  of  tLe  liquid.* 

In  aljout  a  quarter  of  an  hour  the  amount  ol 
nitrogen  which  has  cotlcctccl  in  the  long  limb  ma; 
be  read  off.  Tlie  instrument  is  provided  with  an 
English  scale  representJig  giains  per  ounce,  and  also 
witli  a  metrical  scale.  The  large  divisions  on  the 
latter  represent  centigrams  of  uiea  per  cc.  of  urine. 
The  scale  between  is  subdivided  into  tenths.  Suppwe 
the  reading  to  be  ■025.  This  means  '025  grm.  of 
urea  in  I  cc.  of  urine,  and  multiplying  by  100,  ^  2-5 
j>er  cent.  If  more  than  3  per  cent,  of  nrea  is  (iresent, 
the  urine  should  be  diluted  with  an  equal  volume  of 
water  and  the  itbuH  multiplied  by  2.  Albumin,  if 
present,  should  always  be  removed  beforehand. 

Aliout  450  grains  (25-40  grma.)  of  urea  are 
excreted  daily  in  health.  This  is  about  2  per  cent., 
or  9  grains  per  ounce.  It  is  increased  when  much 
food  or  water  is  taken.  Also  in  fevers,  in  diabetes, 
and  in  poisoning  by  phosphorus  or  arsenic.  It 
diminishes  under  diminished  diet,  in  some  severe 
diseases  of  the  liver  (because  less  is  formed),  and  in 
some  conditions  of  tbe  kidney.  No  calculation  of  the 
amount  of  urea  which  a  patient  is  passing  is  of  much 
use  unless  the  amount  of  nitrogen  in  his  diet  is  also 
taken  into  account. 

Uric  acid  (C^H^N^Oj)  occurs  in  the  urine  in 
combination  with  alkalies.  Being  a  dibasic  acid,  it 
{urniB  two  clus-ses  of  salts,  the  normal  urates  {Na,U), 
Juld  the  acid  urates  (NallU).  Under  certain  con- 
iditions  uric  acid    becomes   free    in  the   urine,   and 

ThB  pipotte  uiny  be  provided  with  a  jiaton  inatenil  of  a  nipple, 

„. e  can  BitompontLo  u  pistou  by  alippiiig  ovBr  tlie  eud  nl  tb« 

pipetui  u  piece  if  tliick- walled  rubber  tubing  in  wltich  a  pi 
glauiw],  lutdi'Mtdwilli  Kljrceiiiie,  can  be  made '       ' "  ■ 
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separates  out  as  a  crystalline  deposit  ("cayenne- 
pepper  "  deposit).  Acid  urates  may  also  separate  out  in 
c*  crystalline  form.  Both  forms  of  separation,  when 
occurring  inside  the  urinary  passages,  lead  to  the 
disease  known  as  '*  gravel '*  or  to  stone  formation. 
The  microscopic  characters  of  these  deposits  will  be 
described  in  another  section.  The  conditions  which 
favour  the  separation  of  uric  acid  and  acid  urates 
are  (1)  the  presence  of  a  large  amount  of  uric  acid 
in  the  urine ;  (2)  a  high  degree  of  acidity ;  (3)  the 
presence  of  little  salts,  and  of  a  small  amount  of 
pigment. 

Qiuditative  test  for  uric  acid  (murexide  test). — 
Evaporate  the  suspected  fluid  to  a  small  bulk.  Place 
five  drops  of  it  in  a  porcelain  basin,  and  add  one 
drop  of  nitric  acid.  Evaporate  very  slowly,  avoid- 
ing charring.  When  almost  dry,  add  to  the  orange- 
coloured  residue  a  small  drop  of  ammonia.  A  pur- 
plish or  rosy  red  colour  appears  at  the  edge  of  the 
drop,  often  better  seen  after  gently  heating. 

The  action  which  takes  place  consists  in  the 
oxidation  of  the  uric  acid  into  alloxantine  (CgH^jN^Og) 
— ^the  orange-coloured  residue.  On  adding  annnonia, 
purpurate  of  ammonia  is  formed  (NH^OgH^NgOg),  and 
produces  the  purplish  red  colour. 

Quantitative  eatirruUion. — ^For  clinical  purposes 
this  is  best  accomplished  by  the  method  proposed 
by  Hopkin&  It  is  based  upon  the  insolubility  of 
acid  urate  of  ammonia  in  a  saturated  solution  of 
ammonium  chloride.  By  saturating  a  given  quantity 
of  urine  with  chloride  of  ammonium,  all  the  uric 
acid  separates  out  as  acid  urate  of  ammonium,  which 
is  collected ;  the  uric  acid  is  then  split  off  from  it, 
and  estimated  either  by  weighing  or  by  titration  with 
permanganate  of  potash.     Proceed  as  follows : — 

(1)  Saturate  100  ca  of  urine  with  powdered  am- 
monium chloride.      About  30  grms.  will  be  rec^uiredu 
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Saturation   ia    complete    whenever    a    few  crystnls 

a  remain  undissolved  after  vigorouB  stirring  at  sliurt 
intervals.  Even  if  these  should  reilissoive  as*  the 
t«m[>erature  of  the  mixture  rises  again  after  its 
initial  depression,  it  doe^  not  matter. 

(2)  Hei id er alkaline  by  ndding  a  little  ammonia. 

(3)  Aft«r  it  has  stood  r»r  ten  mitiuti-h!,  filter  and 
wash  precipitate  several  times  »ith  saturated  goIu 
tion  of  ammonium  sulp)iale 

(4)  Wash  precipitate  ofi'  tilter  with  a  jet  of  hot 
water,  add  a  pinch  of  carbonate  of  soda,  and  heat  till   . 
precipitate  dissolves. 

(6^  Add  distilled  water  to  100  c«. 

(6)  Add  30  cc  strong  sulphuric  acid. 

(7)  While  hot,  titrate  with  a  ^'^  normal  solution 
of  potass,  permanganate — i.e.  1-578  grm.  per  litre. 

(8)  Rtop  whenever  a  pink  colour  lasting  a  few 
seconds  has  appeared.  Subsequent  disappearance 
ol'  the  colour  is  to  be  disregarded  ;  it  is  sufiident  that 
it  should  be  visible  for  a  second  or  two  afler  slirring. 

(9)  Every  oc,  of  the  permanganate  used— 000375 
grm.  of  uric  acid. 

The  presence  of  bile  pigment  interferes  with  the 
titration  witji  permanganate.     In  that  cuse  the  orio 
acid  must  be  estimated    by  weighing,  and  for  the 
details  of  tlie  method  we  must  refer  the  reikdcr  to  the 
L  original  paper.*     The  trouble  in  the  above  method  is 
B  ttie  washing  with  amnionium  sulpfaste.     This  must  be 
I"  «ontinued  till  all  ammonium  chloride  is  removed,  hut 
'     the  solution  is  so  dense  that  it  passes  very  slowly 
through  the  filter  pajjer.     To  obviate  this  difficulty, 
Hopkins  has  described  an  abbi'eviation  of  the  pro- 
cess which  is  accurate  enough  for  clinical  pui'poses. 
It  is  as  follows  : — 

(1)  Saturate   20   cc.    of  urine    with    chloride  of 
'lum,  and  add  ammonia,  as  above 

FatlMloi/y  and  Btuttrivlngy,  Jnnti,  16B1. 
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(2)  Place  a  plug  of  glass  wool  in  the  neck  of  a 
small  funnel,  and  wash  it  by  filtering  through  it  some 
saturated  ammonium  sulphate  solution. 

(3)  After  the  saturated  urine  has  stood  for  ten 
minutes,  filter  it  through  the  glass  wooL  (A  little 
experience  is  necessary  to  enable  one  to  pack  the 
glass  wool  firmly  enough  to  keep  back  the  pre- 
cipitate, but  yet  not  so  tightly  as  to  render  filtration 
very  slow.) 

(4)  Wash  the  precipitate  with  saturated  sulphate 
of  ammonium  till  no  more  chloride  comes  away. 

(5)  Transfer  plug  and  precipitate  bodily  to  a 
flask.  Add  20  cc.  water  and  a  small  pinch  of 
carbonate  of  soda.  Heat  till  the  urate  dissolves. 
Cool  under  the  tap,  and  add  4  cc.  of  strong  sulphuric 
acid. 

(6)  Titrate  with  -^  normal  permanganate  solution, 
as  abovp.  (This  in  best  made  by  diluting  some  of  the 
strong  solution  from  time  to  time.) 

(7)  Every  cc.  of  the  permanganate  used  ==  0*0015 
grm.  uric  acid. 

The  presence  of  albumin  does  not  afiTect  these 
methods.  If  there  be  a  deposit  of  uric  acid  or  urates 
in  the  sample  of  urine,  the  whole  should  be  thoroughly 
shaken  up,  the  amount  to  be  operated  with  measured 
off',  and  saturated  as  usual.  Or  a  few  drops  oi 
ammonia  may  be  added  and  the  urine  warmed  till  the 
deposit  dissolves.  A  deposit  of  phosphates  may  be 
n^^^lected. 

From  0*4  to  0*7  grm.  (7-10  grains)  of  urid  acid  is 
excreted  daily.  The  amount  is  increased  whenever  a 
large  destruction  of  nuclein  is  going  on;  thus  in 
leucocythsemia  as  much  as  4  grms.  may  be  excreted 
daily.  It  is  also  increased  in  acute  fevers.  It  is 
diminished  in  chronic  gout  and  after  the  administra- 
tion of  quinine. 

We  would  again  warn  the  reader  &g;ai&sX»  >(^ 
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error  of  assuming  tiiat  a  deposit  of  unites  or 
i;  acid  iiecessarilj'  indii^tes  an  increaeed  excretion 
of  the  latter. 

Xanthin  bases. — Amongst  tbe  chief  products 
the  disintegration  of  nuclein  are  uric  acid  and 
DC  basic  bodies  which  niaj  be  termed  the 
nuclein  "  or  xanthin  bases.  These  substances  differ 
from  uric  acid  in  being  pretty  strongly  luisic.  Xanthin 
the  chief  member  of  thn  group.  It  has  the  formula 
CjH^N^Oj — t.B.  one  atom  of  oxygen  leas  than  in 
uric  acid.  The  other  raembers  are  hvpoxanthin  or 
sarkin  (OjH^Np),  giianin  (C.H^NjO),  and  adenin 
(CjHbNs  +  3H3O).  These  l>a.sea  are  flometinies 
spoken  of  along  with  uric  acid  under  the  term 
"alloxur  bodies."  These  alloxur  bodies  contain  be- 
tween them  from  1  to  5  per  cent,  of  the  total  nitrogen 
in  the  urine.  A  method  hus  been  described  for 
cHliinabing  them,*  but  it  is  not  adapted  for  ordin- 
aiy  clinical  use,  nor  has  its  accuracy  been  fully 
eHtablisbed.  The  results  which  it  has  yielded  show 
tliat  the  amount  of  nitrogen  eliminated  in  the  form 
of  uric  acid  is  much  more  constant  than  that  which 
appears  in  the  form  of  xnnthin  bases.  Usually  a 
good  deal  more  of  the  former  is  eliminated  than  of 
the  latter,  but  the  proportions  vary  greatly  even  in 
health,  and  may  at  times  even  be  reversed.  The 
xanthin  bases  are  increased  just  as  uric  acid  i-t 
in  conditions  associated  with  increased  destruction 
of  nuclein^-«.y.  in  leucocythffimia.  A  milk  diet 
causes  the  bases  to  increase  wliile  the  uric  acid 
diminishes.     There  is  no  constancy  in  their  bebai 

The  only  other  nitrogenous  constituents  of  normail 
urine  which  call  for  mention  are  creatinin  and 
hippuric  acid. 
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Crcailnin  (C^H7N30)  is  creatin  minus  water. 
It  is  one  of  the  forms  in  which  creatin  is  excreted, 
and  most  of  it  is  derived  from  the  creatin  in  flesh 
food.  ■  About  1  grm.  of  it  is  excreted  daily.  Var- 
iations are  of  no  known  clinical  significance.  It  is 
of  some  importance  as  being  one  of  the  constituents 
of  normal  urine,  which  is  able  to  reduce  cupiic 
oxide. 

Ilippuricacid  (CgHyNOs)  occurs  in  the  urine 
as  hippurate  of  sodium.  About  \  grm.  of  it  is  ex- 
creted daily.  This  amount  is  increased  by  the  taking 
of  benzoic  acid  as  a  drug,  or  of  fruits — e.g,  mul- 
berries and  cranberries  —  which  contain  aromatic 
acids. 

4.  Abnormal  chemical  constitnenUi  of 
niine* 

L — Pbotbids. 

Any  or  all  of  the  proteids  of  blood  plasma — 
serum  albumin,  serum  globulin,  and  fibrinogen — 
may  occur  in  the  urine.  In  addition,  one  meets 
with  the  compound  proteids — mucin  and  nucleo- 
albuinin,  and  with  albumoses,  both  primary  and 
secondary.  It  is  doubtful  whether  true  peptone  ever 
occurs  in  the  urine.  It  is  true  that  two  of  these — 
mucin  and  nucleo-albumin — are  to  be  regarded  as 
normal  urinary  constituents,  being  added  to  the  renal 
secretion  as  it  passes  along  the  urinary  passages,  but 
in  health  they  are  present  in  such  small  amount  that 
they  may  be  neglected.  It  is  also  true  that  any  of 
the  proteids  mentioned  above  may  occasionally  And 
their  way  into  the  urine  even  in  perfectly  healthy 
persons ;  the  urine  of  healthy  infants,  for  instance, 
often  contains  traces  of  albumin.  Into  the  possible 
causes  of  this,  and  into  the  distinction  between 
"  functional "  and  "  organic  "  albuminurias,  we  do  not 
propose  to  enter.    Chemical  examiuat»\oxL  ol  ^^  \sxvx\ft 
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lerely  ehow  tbe  presence  in  the  arine  of  a  pro- 
it  cannot  tell  us  to  what  its  preBence  is  due. 

(I)  Seriitn  albumin  and  scimm  globulin  in 
the  urine, — Theae  proteids  may  be  fouiid  in  tbe 
either  together  or  separately.  The  former 
•■'ODditioa  is  the  usual  one,  aad  constitutea  what  is 
ordinarily  spoken  of  as  "  albuminnria."  The  i-elative 
proportion  of  each  proteid  varies  greatly  in  different 
cases,  but  UBU&lly  serum  albumia  is  present  in  larger 
amount  than  serum  globulin.  The  variations  in  their 
relative  amounts  have  no  clinical  ^gnificance.  In 
what  follows,  the  term  "albumin"  will  be  held  to 
include  also  globulin,  unless  stated  otherwise. 

Separation  of  albumin  and  globulin. — If  one 
wishes  to  do  this,  the  best  plan  is  to  render  the  urine 
slightly  alkaline  with  ammonia,  filter  off  phosphates 
if  necessary,  and  add  to  100  cc.  of  the  filtrate  its  own 
volume  of  a  saturated  neutral  solution  of  ammonium 
Eulphate.  By  the  end  of  an  hour  globulin,  mixed, 
perhaps,  with  some  mucin  bodies,  has  separated  otit. 
Oollect  it  on  a  weighed,  dry,  ash-free  filter,  wash  with 
half- saturated  ammonium  sulphate  solution,  dry,  and 
weigh.  Then  incinerate,  and  deduct  the  weight  of 
the  ash.  The  difference  givee  the  amount  of  globulin 
present  If  the  total  proteids  have  been  estimated 
liy  complete  saturation  of  another  sample  of  urine 
with  ammoniuui  sulphat«  and  treatment  of  the  pre- 
cipitate in  the  above  way,  the  difference  between 
I  he  total  proteids  and  gloijulin  may  be  reckoned  as 
.dbumin. 

A  simpler,  but  for  clinical  purposes  sufficiently 
nxact,  method  is  that  of  Bi'andberg.  It  is  thus 
iloscribed  by  Oaratairs  Douglas*: — "  Brand  berg's 
method  is  based  on  the  fact  thiit  in  the  cold  nitrie 
.icid  test  the  ring  of  albumin  apjiears  tbe  quiokar 

'  "Chaakii\  ami  Iilic:ru»i»iiiiciil  Aids  to  Olinicsl  DiBCOOM 
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the  more  proteid  there  is  present  It  has  been 
found  experimentally  that  if  0*0033  per  cent  of 
albumin  is  present  the  ring  appears  in  two  to  three 
minutes.  By  making  a  series  of  dilutions  of  definite 
strength  of  an  unknown  urine  an  estimate  may  be 
made  of  the  amount  of  albumin  present  in  it  For 
example,  if  the  urine  shows  the  ring  of  coagulation 
when  diluted  ten  times,  it  contains  0*0033x10  = 
0033  per  cent,  albumin ;  if  when  diluted  30fold  it 
shows  the  same,  it  must  contain  0*0033  x  30  =  0*1  per 
cent.,  and  so  on«  In  estimating  the  amount  present 
in  any  unknown  specimen,  it  is  necessary  first  of  all 
to  make  certain  dilutions  of  it,  and  Tappeiner  recom- 
mends that,  to  begin  with,  dilutions  of  lO-fold, 
30-fold,  and  say  150-fold,  should  be  made.  If  now, 
after  trying  these  specimens  with  the  acid,  it  is  found 
that  the  ring  appears  in  less  than  two  or  three 
minutes  in  the  former  two,  and  in  more  than  three 
minutes  in  the  150-fold  dilution,  the  proper  point  will 
be  reached  at  a  dilution  somewhere  between  30-fold 
and  150-fold.  We  may  find  it,  let  us  say,  at  a  dilu- 
tion of  80-fold ;  the  percentage  of  albumin  will  then 
be  0*0033  X  80  =  0*26.  In  any  case  the  amount  of 
albumin  per  cent,  is  obtained  by  multiplying  0*0033 
by  the  degree  of  dilution." 

In  carrying  out  the  above  procedure  certain 
precautions  must  be  observed : — 

(a)  The  dilution  of  the  urine  must  be  made  very 
exactly  by  use  of  a  burette. 

(h)  About  three-quarters  of  an  inch  of  nitric  acid 
should  be  used  in  each  test,  and  the  diluted  urine  run 
on  to  its  surface  very  cautiously. 

(c)  Holding  a  watch  in  one's  hand,  one  must 
know  the  exact  time  requu*ed  for  the  appearance  of  a 
faint  but  distinct  ring,  and  this  time  must  fall  between 
two  and  three  minutes.  The  test  tube  should  be  held 
meantime  against  a  dark  surface^ 
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^^^V       Having  estimabed  the  total  proteid  present  b^  this 

^^^Bbethod,  one  must  satuiate  some  of  the  fresh  urine 

^P^nirith  magneaium  sulphate,  filter  off  the  precipitated 

'        globulin,  and   make  a   freah  estimate   by  the  same 

method  in  the  filtrate.    Thia  gicea  the  albumin  alone, 

and  the  difference  between  this  and  the  preyiouB  result 

indicates  the  &mouat  of  globulin.     The  presence  of 

the  magnesium  sulphate  does  not  seem  mateiially  to 

alfeot  the  resnlb,     (Neubauer  &  Yogel.) 

Teste  for  aibumin  in  the  urine. — A  great  naany 
reactions  have  been  proposed  for  this  purpose,  and 
much  has  been  written  on  the  subjeot.  The  fftct 
seems  to  be  that  while  in  the  majority  of  cases  the 
presence  of  albumin  or  globulin  in  the  urine  can  be 
demonstrated  with  perfect  certainty  by  the  applica- 
tion of  one  or  two  simple  teste,  yet  every  now  and 
then  cases  are  met  with  in  which  some  doubt  exists. 
We  believe  that  by  carefully  applying  the  four  fol- 
lowing tests  the  presence  of  albumin  and  globulin 
can  be  clearly  shown  even  when  present  in  very  small 
amount.  Before  proceeding  to  apply  any  of  the  testa, 
it  is  a  sine  qiid  non  that  the  urine  should  be  ahso- 
hUely  clear.  It  may  therefore  be  necessary  to  filter 
it  If  it  be  acid,  this  can  be  proceeded  with  at  once; 
should  it  be  aJkaline,  enough  acetic  acid  should  first 
be  added  to,  render  it  faintly  acid.  It  may  be  necessary 
to  fitter  more  than  onoe.  Should  the  urine  still  not 
be  clear,  the  turbidity  is  probably  occasioned  by  the 
presence  of  bacteria.  These  can  best  be  removed 
either  by  (I)  simply  shaking  up  the  urine  with 
powdered  barium  carbonate,  and  filtering,  or  (2) 
adding  to  the  urine  a  little  caustic  soda  till  a  pi-e- 
cipitate  of  earthy  phof-phates  appears.  Thia  curries 
down  with  it  all  bacterial  debris,  and  on  filtering,  th« 
urine  will  now  be  found  to  be  clear.  It  should  then 
be  slightly  aoidiSed  witli  acetic  acid,  and  the  following 
6gBtB proceeded  iritl»  v 
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(L)  Boil  an  inch  or  so  of  the  urine  in  a  test  tube 
If  it  remains  perfectly  clear  while  the  reaction  is  still 
acid,  no  albumin  is  present.  Turbidity  may  be  due  to 
coagulated  albumin  or  to  the  throwing  down  of  earthy 
phosphates  Add  a  drop  of  nitric  acid.  Any  turbidity 
which  reuiains  is  due  to  the  presence  of  albumin; 
mucin  and  nucleo-albumin  are  re-dissolved  by  the  nitric 
acid. 

(ii.)  ffeUer^s  test. — Place  a  quarter  of  an  inch  of 
pure  nitric  acid  in  a  test  tube.  With  the  aid  of  a 
pipette  allow  some  of  the  urine  to  flow  on  to  its 
surface.  If  after  standing  for  half  a  minute  no 
opaque  white  ring  api)ears  at  the  junction  of  the  two 
fluids  the  urine  may  be  regarded  as  free  from  albumin, 
for  the  test  is  capable  of  revealing  the  presence  of 
'002  per  cent.  If  a  ring  forms  it  may  be  due  to 
albumin,  nucleo-albumin,  or  primary  albumoses.  A 
difluse  haze  at  the  upper  part  of  the  fluid  may  be  due 
to  mucin.  In  the  case  of  albumoses  the  ring  disappears 
on  heating,  and  reappears  on  cooling.  (The  method 
of  distinguishing  nucleo-albumin  and  mucin  will  be 
considered  later.)  If  the  urine  be  very  concentrated, 
nitrate  of  urea  or  acid  urates  may  separate  out,  usually 
in  the  form  of  a  cloud  without  sharp  margins.  This 
can  at  once  be  distinguished  by  the  fact  that  previous 
dilution  of  the  urine  with  twice  its  volume  of  normal 
salt  solution  prevents  its  appearance.  The  precipitate 
also  disappears  on  heating,  and  shows  small  crystals 
on  examination  with  the  microscope.  The  presence 
of  resinous  bodies — e.g.  balsams — in  the  urine  may 
also  cause  the  appearance  of  a  white  cloud,  which, 
however,  is  at  once  dissolved  on  the  addition  to  the 
urine  of  half  its  volume  of  alcohol  (rectifled 
spirit). 

It  will  often  be  noticed  that  a  brownish-red  trans 
parent  ring  appears  at  the  junction  of  the  nitric  acid, 
and   the  urine.     It   is  due  to  the  oxidaXioik  qH  ^^ 
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arinat;  indigogens  and  the  production  from  Ihem  of 
pigments.  It  occurs,  therefore,  in  urines  whicli  are 
null  in  indigogena,  and  has,  of  coui-ae,  nothing  to 
do  with  albumin.  Buch  urine.^  will  be  more  fully 
eoiiaidered  later. 

Efferveecence  on  the  addition  of  nitric  acid  may 
be  ilue  to  decomposition  of  urea  with  the  liberation  of 
COg  and  nitrogon.  Tliia  only  oucurs  if  the  nitric  acid 
used  contains  acme  nitrous  acid  also. 

Aa  a  substitute  for  nitric  acid  in  the  above  teat, 
can  nae  Spiegler's  aolution.     It  consists  of — 


Perchloride  of  mercury...          „,  4  parts. 

Tartaric  acid       ...          ...         ...  S      „ 

Glycerine           10     „ 

Water 100     „ 


I  OP 

^^^^  It  gives  a  distinct  white  ring  if  as  little  albumin 
^^*  as  1  in  350,000  ia  present,  and  may  reveal  the 
r  presence  of  albumin  even  in  normal  urine. 

(iii.)  Ferroayanide  of  potash  teat. — Take  2  in.  of 
nrine  in  a  test  tube.  Add  10  drops  of  a  5  per  cent. 
Bobition  of  ferrocyanide  of  potash,  and  then  render 
strongly  acid  with  acetic  acid.  If  the  uvine  remains 
clear,  no  albtimin  is  present.  Turbidity  may  be  due 
to  albumin,  albumose,  or  nucleo-albumin.  Albumose 
may  be  distinguished  by  the  nitric  acid  test ;  nucleo- 
albumin  by  the  fact  that  it  is  precipitated  by  acetic 
acid  alone  without  the  aid  of  ferrocyanide. 

(iv.)  Picric  acid  teat, — (Use  a  saturated  solution 
of  |iure  picrioaoid,  without  the  addition  of  citric  acid, 
as  in  Esbach'a  solution.)  Place  2  in,  of  the  picric 
acid  in  a  test  tube.  Allow  the  urine  to  drop  into  it 
from  a  pipette.  If  no  cloud  forms  around  the  drops, 
the  urine  ia  albumin-free.  A  cloud  may  be  due  tc 
albumin,  alburaoses,  or  peptone.  The  precipitate  pro 
daced  by  the  higher  albamoses  and  peptone  disappean 
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(m  heating.  Quinine  also  gives  a  precipitate  with 
picric  acid  which  disappears  on  heating. 

It  will  be  observed  from  what  has  been  said  above 
that  it  is  comparatively  easy  to  be  sure  of  the  absence 
of  albumin — not  so  easy  to  be  certain  of  its  presenca 
The  substance  which  is  most  apt  to  be  mistaken  for 
serum  albumin  in  the  urine  is  nucleo-albumin.  We 
have  already  indicated  some  methods  of  distinguishing 
between  the  two,  and  shall  return  to  the  subject  later 
when  we  consider  **  nucleo-albuminuria.'' 

Quantitative  estimation  of  albumin, — This  can  be 
done  with  sufficient  accuracy  for  clinical  purposes  by 
means  of  Esbach's  albuminimeter.  The  principle  of 
the  method  consists  in  measuring  the  depth  of  the 
coagulum  produced  in  the  urine  by  the  addition  of 
picric  acid.  The  instrument  consists  of  a  thick  glass 
*est  tube,  with  graduations  on  it  from  0  up  to  7. 

Method. — Filter  the  urine  if  not  already  clear, 
and  if  alkaline  render  slightly  acid  with  acetic  acid. 
If  the  specific  gravity  is  1010  or  more,  dilute  the  urine 
sufficiently  to  bring  the  density  below  that  level  (to 
1008).  This  is  important,  and  is  often  overlooked. 
Fill  the  tube  with  the  urine  up  to  the  mark  U.  Pour 
in  the  reagent  (Appendix,  13)  up  to  the  mark  R. 
Close  the  tube  with  a  rubber  stopper,  and  gently 
invert  it  a  few  times  to  allow  the  fluids  to  mix. 
Set  aside  for  twenty-four  hours.  At  the  end  of  that 
time  read  off  the  level  of  the  surface  of  the  pre- 
cipitate. The  figures  on  the  scale  represent  grammes 
of  dried  albumin  per  litre  of  urine. 

Divide  by  10  to  get  the  percentage,  and  multiply 
the  result  by  4*375  to  get  the  amount  of  albumin  in 
grains  per  ounce  of  urine.  If  the  urine  requires  to 
be  diluted,  the  result  must,  of  course,  be  multiplied 
the  requisite  number  of  times. 

Very  small  quantities  of  albumin  cannot  be  ^^^v 
mated  by  Esbach^s  method,  as  iheinattMLixi'eoX,  ^o^  ^^\ 
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record  Jess  than  0-1  per  cent.     If  after  the  first  trial 
tlie  level  of  the  prQci|jitato  is  found  to  be  aboi 
mark    4,   the   urine   must    be  diluted   and   a  fresh 
estimation  made. 

An  excretion  of  S  grms.  of  albumin  daily 
represents  an  ordinary  degree  of  albuminuria.  This 
is  equivalent  to  uboitt  \  per  ceni, 

(2)  Albamosurla. — This  is  a  more  correct  term 
than  "peptonuria,"  which  was  formerly  in  use.  It  ia 
very  doubtful  whether  true  peptone  ever  occurs  in  the 
urine  at  all.  Tlie  clinical  significance  of  the  presence 
of  ulbumoses  in  the  uiine  is  not  yet  finally  determined. 
decent  investigations  tend  to  bIiow  tliat  they  may 
occur  in  any  "  infective  "  diseaae — t.e.  wherever  dis- 
intJ>gration  of  tissue  is  going  on  under  the  action  of 
micro-organisms.  Thus  they  are  not  uncoiumonly 
met  with  in  the  urine  in  pneumonia.  They  are  most 
constant,  however,  in  cases  whtre  a  large  collection  of 
pus  has  formed  in  the  body — i.g,  in  empyema  or  large 
abscess  formation.  They  hiive  also  been  found 
in  considerable  quantity  in  some  cases  of  nephritis. 
The  allmmose  in  these  uvses  is  usually  transient  and 
of  little  importance.  Permanent  and  abundant 
albumnsuria  may  almost  I  >e  regarded  as  pathognotnonio 
of  diffuse  sarcoijatous  degeneration  of  the  bone- 
maw'ow  (myelopathic,  or  Bence  Jones',  albumosuria). 

Deteetitm  of  cUbuiimgea. — There  are  two  classes  of 
albumoses — primary  anil  secondary — the  latter  stand- 
ing nearest  to  the  peptunea.  From  a  clinical  [mint  of 
view  the  differentiation  of  the  two  is  of  no  importance, 
but  they  differ  somewhat  in  their  chemical  reactions, 
and  this  necessitAtes  the  application  of  different  tests 
for  their  detection.  We  will  nsaume  first  that  the 
urine  to  be  eiamined  ia  free  from  albumin.  Proceed 
as  follows  :— 

(i.)  Add  to   the   urine  (filtered  and   acidified    if 
^        '        '  fA'^  saturated    solutioB 


I         t^ric  acid. 
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l^ric  acid.     BoU  and  GIter  whilst  hot.     If  the  filtrate 
becomee  cloudy  on  coolin};,  albumose  ia  present 

The  presence  of  antipyrin,  quiainn,  and  certain 
resins  in  the  nrine  ia  apt  to  give  a  similar  reaction. 

.  (ii.)  Apply  Heller's  test  as  already  ilusciibed 
(p.  329),  A  white  cloud  wliich  disappears  on  heat- 
ing and  reappears  on  cooling  indicates  the  presence 
of  primary  alhumobes.  The  cloud  ia  situaled  towards 
the  upper  part  of  the  tube — it  does  not  form  a  sharp 
ring  cloae  to  the  nitric  acid  as  ia  the  case  with 
iilbumin.  The  Beoondary  albumoaea  do  not  give  thia 
reaction  unlesa  in  the  presence  of  an  excess  of  salt. 

(iii.)  Add  to  the  urine  an  eqoal  volume  of  a  satu- 
rabid  mlution  of  common  salt,  and  then  drop  in  acetic 
acid  so  long  as  a  cloud  forms.  If  this  disappears  on 
heating  and  reap  [tears  on  cooliDg,  albumoses  are 
present.     Both  forniB  of  albumose  give  this  reaction. 

If  the  urine  is  already  albuminous  the  albumin 
should  bo  removed  before  testing  for  albnraose.  To 
do  this  bring  the  urine  to  boiling  point,  add  a  drop  ar 
two  of  acetic  acid,  and  boil  for  two  minutes,  Filter 
and  test  filtrate  as  above.  The  small  quantity  of 
albuinose  likely  to  be  formed  from  the  albumin  during 
the  boiling  does  not  vitiate  the  result.  If  we  wish 
to  avoid  the  possibility  of  such  a  fallacy,  we  can  add 
t<i  the  urine  its  own  volume  of  10  per  cent,  trichlor- 
acetic acid,  rapidly  bring  to  the  boil,  and  filter  hot. 
Test  the  filtrate,  ^ter  cooling,  for  albumoaea. 

The  Bence  Jones  albumose  already  referred  to  is  a 
hettTO-alhumose.  It  may  be  present  in  enormous 
amountiS,  »nd  aometimes  appears  in  the  urine  as  a 
precipitate.  It  gives  the  ordinary  albumose  reactions, 
but  is  characterised  by  its  beliaviour  on  heating. 
ITriue  containing  it  becomes  opaque  at  a  com|iara- 
tively  low  temperature  (below  (iO°C.),  and  a  sticky 
coagnlum  forms  whioh  floats  on  the  surface,  or  adheres 
to  the  sides  of  the  tube.      If  the   rea«tioa.  u  msi&. 
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tbU  coagalnm  disajipeare  entirv^  or  almott  M  mi 
boiling,  and  reappears  on  eooling.  It  is  also  very 
easily  Rolubie  in  dilute  alkali,  llie  body  also  gives  a 
sharp  ring  with  strong  hydrochloric  acid,  even  viken 
the  urine  is  diluted  tviih  twenlj/  times  its  wlwme  of 
tauter.  This  rbig  disappears  on  heating  and  reappears 
on  cooling  (Bradshaw's  reaction).* 

If  the  presence  o(  true  peptone  be  suspected,  the 
uiineinuat  be  saturated  while  boiJiDg  with  suJpbate 
of  ammonium  and  the  filtrate  tested  for  peptone  by 
the  ordinary  reactions— the  best  being  the  occurrence 
of  a  white  ring  on  floating  the  urine  on  Splegler's 
solution ;  or,  better,  dialyse  the  urine  for  two  hours 
and  test  the  dialysate  for  peptone.  No  albumoae 
liasses  through  in  that  time.  Very  delicate  reactions 
for  the  presence  of  albumosea  and  peptones  in  the 
urine  haye  been  described  by  Salkowakif  and  hy 
Harris,!  ^'^^  ""'■y  ^  referred  to  by  those  who  are 
Bpeciftlly  interested  in  the  subject.  We  have  had  no 
personal  experience  of  their  use. 

^3)  Nucleo-nlbumiuurin  nnil  macinurla.— 
We  have  already  mentioned  that  both  a  nncleo-albumin 
(or  a  substance  very  closely  resembling  one)  and  mocin 
occur  normally  in  the  urine,  and  it  is  probable  that  the 
so-called  "mucus"  of  the  urine  oonsiats  mainly  of 
the  former.  In  catarrhal  conditions  of  the  urinary 
passages,  however,  and  especially  of  the  bladder,  an 
excess  of  true  mucus  may  appear  in  the  urine,  and  to 
this  the  t«rm  ''ninciniiriB"  has  been  applied.  Ae 
long  as  the  urine  is  acid,  mucin  is  insoluble  and  forma 
n  deposit  at  the  bottom  of  the  vessel.  Such  a  deposit 
may  lie  distinguished  from  pus  by  the  absence  of  pus 
cells  on  microscopical  examination,  and  by  the  fact 
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that  on  adding  to  it  some  caustic  potash  the  sohition 
is  not  decidedly  ropy,  as  it  is  in  the  case  of  pus.  If 
the  urine  is  alkaline  the  mucin  goes  partially  or 
entirely  into  solution.  It  may  then  be  detected  by 
adding  to  the  urine  a  few  drops  of  acetic  acid.  A 
white  cloud,  insoluble  in  excess  and  increased  on 
boiling,  indicates  mucin.  This  often  succeeds  better 
if  the  urine  be  previously  diluted  with  its  own  bulk 
of  water,  as  the  presence  of  a  large  quantity  of  salts 
tends  to  prevent  the  precipitation.*  We  have 
already  said  that  nucleo-albuminuria  is  very 
apt  to  be  mistaken  for  ordinary  albuminuria.  The 
reason  of  this  is  that  nucleo-albumin  gives  most  of 
the  ordinary  albumin  reactions.  Thus  it  gives  a 
positive  result  with  Heller's  and  with  the  ferrocyanide 
test.  It  may  be  distinguished  by  the  fact  that  it  is 
precipitated  on  the  addition  of  acetic  acid.  It  is  rather 
more  difficult  to  distinguish  it  from  mucin.  The  latter 
is  insoluble  in  excess  of  acetic  acid,  nucleo-albumin  is 
soluble  in  large  excess.  This  test,  however,  is  not 
always  quite  satisfactory.  Nucleo-albumin  gives  a 
sharp  ring  with  Heller's  test ;  mucin  only  a  diffuse 
haze.  Nucleo-albmnin  yields,  as  a  rule,  no  reducing 
substance  on  boiling  with  mineral  acid,  and  its 
ash  contains  phosphorus;  mucin  yields  a  reducing 
substance,  and  its  ash  is  phosphorus-free.  The 
significance  of  nucleo-albuminuria  has  not  yet 
been  fully  made  out.  It  seems  to  occur  not  unfre- 
quently  in  febrile  diseases  or  in  conditions  associated 
with  a  destruction  of  the  secreting  cells  of  the 
kidney. 

"Fibrinuria"  has    already    been    described   (p. 
302). 

*  Previous  dilution  of  the  urine  has  also  the  advantage  that  it 
prevents  one  from  being  deceived  by  a  precipitate  of  urates, 
which  may  be  thrown  down  if  acetic  add  is  added  to  a  concen- 
trated urine. 


II. — Blood  and   itb   Dkrivatitkb. 


Blood  may  appear  in  the  urine  aa  a  whole 
(beematuria),  or  bloud  pigment  may  appear  without 
corpuscles  (hcemogtobinuria).  These  two  conditions 
can  only  be  difi'erentiated  by  examining  tlie  deposit 
for  blood  cells.  There  is  here  one  source  of  fallacy. 
In  alkaline  urines,  especially  if  they  have  stood  for 
aome  time,  the  nd  cells  bre  apt  to  swell  up  aiirl 
disappear.  Tlie  urine  should,  therefore,  be  examined 
aa  fresh  as  possible. 

If  a  urine  contains  only  a  small  amount  of 
blood  or  blood  pigment  it  has  a  peculiar  opaque 
appearance,  to  which  the  term  "  amoky  "  is  applied. 
Lnrger  quantities  of  blood  give  to  the  urine  a  red 
colour  varying  in  intensity  with  the  amount  of 
blood  present.  The  blood  corpusclea  are  apt  to  settle 
to  the  bottom,  producing  a  Bocoulent  deposit,  which  ia 
brown  or  red  according  to  the  amount  of  the  blood 
and  the  df^i'ee  of  its  alteration. 

The  following  tests  depend  tipon  the  presence  of 
blood  pigment,  and  therefore  give  a  positive  reaction 
both  in  livniRiiiria  and  in  hie inu glob inuria  : — 

(1)  Ueller'i  CeH. — Place  2  inches  of  the  urine  in 
a  teat  tube  and  render  it  strongly  alkaline  with 
caustic  soda.  Boil.  If  blood  pigment  is  present  the 
deposit  is  broniiish-red  in  colour  while  the  super- 
natant fluid  is  bottle-green. 

The  precipitato  consists  of  earthy  phosphates 
which  have  carried  down  with  them  hsematin  derived 
from  the  blood  pigment,  and  are  therefore  reddish  in 
colour  instead  of  being  white  or  yellowish.  If  the 
iirinB  be  alkaline  a  few  drops  of  calcium  chloride 
aiilutioii  should  be  added  to  form  more  earthy 
phosphates.  If  the  urine  be  very  dark,  as  it  may  be 
{e.ff.  from  the  presence  of  bile),  the  supernatant  fluid 
should  be  decanted  off  the  precipitate,  and  replaced  by  | 
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water.     The  test  is  sufficiently  delicate  to  reveal  the 
presence  of  1  cc.  of  blood  in  I  litre  of  urine. 

Fallacies, — If  the  patient  is  taking  senna, 
santonin,  or  rhubarb,  the  test  may  yield  a  positive 
result  even  although  no  blood  is  present.  If  the 
coloration  is  due  to  haemoglobin,  however,  the  pre- 
cipitate yields  the  spectrum  of  alkaline  haematin 
(Fig.  73),  and  this  excludes  all  possibility  of  fallacy. 

(2)  Gvmad  test — Take  1  inch  of  urine  in  a 
test  tube,  add  to  it  two  drops  of  tincture  of  guaiac. 
A  white  precipitate  forms,  owing  to  partial  precipi- 
tation of  guaiac  resin.  Now  add  1  inch  of  ozonic 
ether  without  shaking.  If  blood  pigment  is  present 
a  blue  colour  appears  at  the  junction  of  the  fluids.*^ 

The  blue  colour  is  due  to  oxidation  of  the  guaiac 
by  oxygen  derived  from  the  ozonic  ether,  the  blood 
pigment  acting  as  the  carrier.  Ozonic  ether  is  a 
solution  of  peroxide  of  hydrogen  in  sulphuric  ether 

Fallacies, — If  iodides  are  present  in  the  urine  a 
blue  colour  is  produced  on  applying  the  test.  It  is 
distinguished  from  that  due  to  blood,  (1)  by  the- 
fact  that  it  appears  much  more  slowly,  (2)  by  its 
appearing  simultaneously  all  through  the  fluid,  not 
at  the  junction  of  the  ether  and  the  urine. 

Pus  gives  a  greenish-blue  colour  with  guaiac 
alone.     It  disappears  on  heating. 

The  presence  of  much  saliva  in  the  urine  {e,g, 
from  the  patient  spitting  into  it)  is  also  a  possible 
source  of  fallacy,  as  it  gives  the  guaiac  test. 

lUetheeniog^lobinuria. —  Methsemoglobin  may 
be  formed  from  hsemoglobin  in  any  acid  urine  after 
it  has  stood  for  some  time.  Not  unfrequently,  how- 
ever, methsemoglobin  is  present  in   the   urine  when 

*  The  tincture  of  ^aiac  must  be  prepared  from  fresh— i.V. 
onoxidised— 'resin,  and  the  ozonic  ether  must  contain  in  solution 
peroxide  of  hydrogen  of  30-volume  strength.     It  should  give  off 
bubbles  of  gas  when  poured  into  the  test-tube.    If  thesA  '^voXik- 
•re  not  attended  to  the  teat  may  fail. 
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It  has  been  Bnid  to  indicate  that  the 
biPBioiThage  has  ita  origiu  in  the  kidnt'y.  Tlie  tlmr- 
acteristic  arnoky  tint  of  the  utine  iii  hwinfttiiria  of 
njiiiil  origin  is  iargely  due  to  methfemogloWn.  The 
pigment  present  in  "paroxysmal  hiemoglobinuria " 
consists  largely  of  meth^moglobin,  Speutroscopic 
examination  is  the  only  satisfactory  test  for  metbs- 
raoglobin.  The  urine  if  very  dark  in  colour 
Bhould  first  be  diluted,  and  it  should  always  be 
filtered.  It  should  then  be  examined  in  a  layer 
5  cm.  thick — a  small  flat  glaaa  bottle  does  well 
enough.  If  methremoglobin  is  present  there  will 
be  a  band  visible  in  the  red,  in  addition  to  two 
banda  nearly  in  the  position  of  those  due  to  oxy- 
hemoglobin (we  Fig.  73). 

Ilatmaloporpbyrinnrin. —  Hiematoporphyrin 
(iron-free  htematin)  occurs  normally  in  the  urine 
in  very  small  amount,  and  uiay  be  considerably 
increased  without  affecting  its  colour.  When  present 
in  large  quantities  the  urine  has  a  dark  port-wine 
colour.  Such  a  urine  does  not  give  the  guaiac  reaction. 
If  examined  with  the  spectroscope  in  a  thin  layer  it 
may  possibly  show  the  characteristic  Bpectrum  of 
Bo-called  alkaline  htematoporphyrin,  that  being  the 
form  met  with  even  in  acid  urines.  Often,  however, 
no  distinct  spectrum  can  be  obtained  on  direct 
examination  of  the  urine.  In  such  a  case  the 
pigment  can  be  extracted  by  shaking  up  the  urine 
with  a  little  amylic  alcohol  or  acetic  ether,  after  tha 
addition  of  a  few  drops  of  acetic  acid.  The  extract 
BO  obtained  shows  tiie  bands  of  alkaline  hesmato- 
porphyrin,  viz.  :  4  bands,  one  at  the  junction  of  the 
i-ed  and  yellow,  a  second  in  the  yellow,  a  third  in 

green,  and  a  fourth  (the  broadest)  between  the 

green  and   the   blue    {tee  Fig.    73).      On    adding  a 

drop  or  two  of  hydrochloric  acid  the  bands  of  add 

i<jpo/7iliyrin  are  obtained,  vi«. :  2  banda, 
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the  orange  (narrow)  and  one  at  the  junction  of  the 
yellow  and  green  (broader).  The  latter  is  the 
characteristic  band  and  consists  really  of  two  halves, 
a  lighter  half  on  the  side  next  the  narrow  band  and  a 
very  dark  half  on  the  side  away  from  it. 

Hsematoporphyrin  sometimes  appears  in  large 
amount  in  the  urine  of  patients  who  are  taking 
sulphonal,  but  much  more  commonly  in  females  than 
in  males.  It  is  a  sign  of  very  grave  significance,  as  such 
cases  often  terminate  fatally.  The  excretion  of  port- 
wine-coloured  urine  by  a  patient  who  is  taking 
sulphonal  is  always  an  indication  for  the  immediate 
stopping  of  the  drug  and  for  the  free  administration 
of  alkalies. 

Urine  which  contains  blood  or  haemoglobin  con- 
tains also,  of  course,  some  albumin,  and  it  is  often 
difficult  to  say  whether  the  blood  is  sufficient  to 
account  for  all  the  albumin  present  or  whether  true 
albuminuria  exists  as  well.  We  have  found  that, it' 
human  blood  be  added  to  normal  urine  in  an  amount 
sufficient  to  produce  distinct  smokiness,  the  quantity 
of  albumin  amounts  to  merely  a  trace.  Even  when 
the  quantity  added  is  sufficient  to  render  the  urine 
distinctly  red,  the  amount  of  albumin  as  shown  by 
Esbach's  method  is  only  \  per  1,000. 

III. — SUGABS  IN  THE   TJrINB. 

The  only  sugars  which  are  of  practical  importance 
in  the  examination  of  the  urine  are  glucose  and 
lactose.  It  is  possible  that  Isevulose  may  sometimes 
occur  along  with  glucose.  Cane  sugar  and  maltos 
may  conceivably  appear  in  the  urine  if  excessive 
quantities  of  either  be  ingested.  The  occurrence 
has  been  described  of  the  special  varieties  of  sugar 
known  as  the  pentosesy  but  these  are  only  very 
rarely  present,  and  are  not  yet  of  much  cHnical 
importance. 
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Glucose  IB  the  urine— Glucose    (dextrooe  or 

grape  su^ar),  CiUj^O^,  is  by  far  the  cominoneEt 
Tariety  of  sugar  met  with  in  the  urine.  The  con- 
dition is  spoken  of  genemllj  as  "glycosuria."  This 
must  he  distinguishtd  from  ■' diabetes."  Diabetes — or, 
more  corrt^ctly,  di&betes  mellitus — is  a  disease  of  which 
glycosuria  is  the  chief  symptom,  but  every  ])atient 
with  glycosuria  has  not  necessai'ily  got  diabt^tea.  It 
has  long  been  disputed  whetlier  or  not  traces  of 
glucose  occur  in  normal  urine.  Recent  researches 
appear  to  have  finally  settled  the  question.  Traces 
of  glucose  do  occur  in  normal  urine,  but  not  in  an 
amount  capable  of  detection  by  the  reagents  usually 
employed.  Tf,  therefore,  glucose  be  detected  by  any 
of  the  tests  we  are  about  to  describe,  its  presence  may 
be  regarded  as  pathological. 

TeslB  for  tclncose  In  the  urine.— A  group  of 
these  tests  depends  upon  the  fact  that  glucose  can 
become  oxidised  at  the  expense  of  certain  metallic 
oxides,  this  oxidiition  occuiring  most  easily  at  a 
temperature  near  boiling,  and  in  the  presence  of  free 
caubtic  alkali.  Copper  is  the  metal  usually  employed 
in  the  test.  If  one  takes  a  solution  of  caustic  soda 
and  adds  to  it  a  few  drops  of  a  very  dilute  eola- 
tion of  sulphate  of  copper,  a  blue  pi'ecipitate  forma. 
This  is  hydrated  cupiiu  oxide  (CuOHjO).  If  now 
one  boils  the  blue  precipitate  it  becomes  black  from 
the  separation  of  cupi  ic  oxide  (CuO).  In  the  presence 
of  certain  substances,  however — such,  for  example,  as 
a  tarti-ate — the  cupric  hydrate  formed  on  the  addition 
of  the  sulphate  goes  into  solution  instead  of  being 
precipitated.  A  deep  blue  fluid  then  results,  which 
remains  unaltj^i'cd  on  lolling.  If  an  oxidisable  sub- 
stance such  as  glucose  is  present,  however,  the  blue 
cupric  hydrate  is  reduced  on  boiling  to  cuprous 
h_ydrate  (CujO  Il^O),  « hich  is  not  capable  of  being 
'teld  in  soiation,  and  accordinijly  appears  as  a  yellow 
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precipitate,  (Mr  it  may  be  further  dehydrated  to 
cuprous  oxide  (Cuj^O),  which  is  red.  Now,  glucose 
is  not  merely  capable  of  reducing  cupric  hydmte,  liut 
it  is  also  one  of  the  substances  which,  like  the  tar- 
ti-ates,  is  capable  of  holding  it  in  solution.  Hence, 
if  a  solution  of  glucose  be  rendered  alkaline  with 
caustic  soda,  and  a  few  drops  of  cupric  sulphate  solu- 
tion added,  the  cupric  hydrate  formed  is  dissolved 
and  a  blue  solution  results.  Ou  raising  this  to  the 
boiling  point  the  glucose  reduces  the  cupric  hydi'ate, 
and  yellow  cuprous  hydrate  or  red  cuprous  oxide  is 
precipitated. 

8uch  is  a  brief  account  of  the  chemistry  of  the 
copper  test  for  sugar.  The  two  chief  methods  of 
applying  it  are  : — 

(1)  Trommer^B  test, — Take  2  in.  of  the  urine  in 
a  test  tube,  add  \  of  its  volume  of  caustic  potash, 
and  then  drop  in  carefully  some  1  per  cent,  solution 
of  sulphate  of  copper,  shaking  after  each  addition. 
If  any  considerable  quantity  of  glucose  is  present  the 
cupric  hydrate  formed  is  at  once  dissolved,  and  a 
blue  solution  results.  Continue  to  add  sulphate  of 
copper  until  a  little  cupric  hydrate  remains  undis- 
solved. Boil  the  upper  part  of  the  fluid  and  it 
becomes  yellow  from  separation  of  cuprous  hydrate ; 
and  on  prolonged  boiling  this  becomes  red  (Cu^O). 
If  more  cupric  hydrate  has  been  formed  than  the 
amount  of  sugar  present  is  capable  of  holding  in 
solution,  the  excess  yields  black  cupric  oxide  on  boil- 
ing, which  obscures  the  result.  Hence  the  advantage 
of  Fehling's  reagent  in  which  solution  of  all  the 
cupric  hydrate  is  ensured  by  the  addition  of  a  tar- 
trate. The  formula  for  the  reagent  will  be  found 
in  the  Appendix  (14). 

If  even  a  small  quantity  of  glucose  is  present, 
the  reduction  in  Trommer's  test  begins  befoc^ 
the  boiling  point  is  reached.     OIuco^q  \&  >oti^  csc^ 
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Bubstance  likely  to  be  found  in  the  urine  which  will 
do  this. 

(2)  Feklin^g  test. — As  a  preliminary  to  carry- 
ing out  the  test,  one  muBt  always  maJie  sure  that 
the  reagent  is  good.  This  is  necessitated  by  the  fact 
'that  Fehliug's  solution  alters  on  keeping,  with  the 
result  that  on  boiling  it  deposits  a  precipitate  of 
cuprous  oxide.  The  exact  nature  of  the  idleration 
not  fully  understood.  To-  test  the  Fehliug's  solu- 
tion add  to  it  an  equal  volume  of  water,  and  boil  for 
two  minutes.  If  the  solution  remains  clear,  it  is 
to  be  regarded  as  safe,  Should  a  precipitate  occtir, 
a  little  more  caustic  soda  should  be  added  and  the 
liquid  filtered.  It  is  then  ready  for  use.  A.dd  to 
1  in.  of  Fehling  in  a  test  tube  a  fev  drops  of  the 
urine  (freed  from  albumin),  and  boil.  If  any  con- 
siderable quantity  of  glucose  is  present,  a  yellow 
or  red  precipitate  will  appear.  Should  none  be 
evident,  add  as  much  uiine  ss  there  was  Fehling,  and 
boil  for  two  minutes.  Set  aside.  If  after  standing 
the  solution  still  remains  quite  clear,  there  cannot 
be  more  than  a  mere  trace  of  sugar  present.  ''  If  the 
proportion  of  sugar,"  says  Allen,*  "be  moderate — 
that  is,  under  0-8  per  tent. — the  precipitation  of  the 
yellow  or  red  cuprous  oxide  does  not  take  plaOe 
immediately,  but  occurs  as  the  liquid  cools,  the  ap- 
pearance being  somewhat  ptculiar.  The  liquid  iirst 
loses  its  transparency,  and  jiasses  from  a  clear  bluish- 
green  to  an  opaque  light  greenish  colour.  This  green 
milky  appearance  is  said  to  be  very  characterislic 
of  dextrose,  but  it  would  be  more  correct  to  say 
that  its  appeamnce  indicated  the  presence  of  some 
substance  interfering  with  the  normal  reaction  of 
Uric  acid,  creatinln,  and  many  other  Bub- 
rtances  may  act  as  such  interfering  agents.  Their 
renders  the  indications  of  FehHng's  test 
"Ohsmiitrj' of  Umia,"  p.  6], 
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VnoertEiin  when  only  small  quantities  of  sugar  are 
present.  Allen  has  accordingly  proposed  tlie  follow- 
ing modification  of  Fehling'a  test  by  taking  advantage 
of  the  fact  that  a  alighfly  acid  solution  of  cupric 
acetat«  will  precipitate  most  of  these  "interfering" 
Bubatances  without  aSecting  any  form  of  sugar.  He 
proceeds  as  follows  : — 

Heat  7-8  cc.  of  tiie  urine  to  boiling  in  a  test  tube, 
and,  without  removing  any  precipitate  of  aliiumin, 
add  6  oa  of  the  cupric  aulphate  solution  used  iu 
preiMiring  Fehling,  Partially  cool  the  liquid  and  add 
1-3  cc.  of  a  saturated  solution  of  sodium  acetate,  con- 
taining enough  acetic  acid  to  give  it  a  feebly  acid 
reaction.  Filter.  To  the  filtrate  add  5  cc.  of  the 
alkaline  tartrate  mixture  used  for  Fehling,  and  boil 
for  twenty  seconds.  If  more  than  0-2  per  cent,  sugar 
is  present,  cuprous  oxide  separates  before  the  boiling 
point  ia  reached.  With  smaller  quantities  precipita- 
tion takes  place  during  the  cooling  of  the  solution, 
which  becomes  greenish,  opaque,  and  suddenly  deponite 
cuprous  oxide  as  a  line  yellow  precipitate. 

Certain  precavtions  and  falladeg  in  the  use  o( 
Fehling'a  teat  have  still  to  be  mentioned. 

In  the  first  place,  the  urine  must  be  free  from 
albumin.  If  necessary  add  a  drop  or  two  of  acetic 
acid  to  the  urine,  boil  and  filter.  Neutralise  the 
filtrate  with  a  little  calcium  carbonate. 

Fehling's  test  cannot  be  applied  to  strongly  am- 
moniacal  urine,  as  the  free  ammonia  would  prevent 
precipitation  of  cuprous  oxida  In  that  case,  FavyV 
modification  should  be  employed  (p.  348), 

If  the  amount  of  glucose  present  be  more  than 
is  required  for  reduction  of  all  the  cupric  ojtide,  some 
of  it  ia  apt  to  be  caramelised,  especially  on  prolonged 
boiling.  The  whole  liquid  and  precipitate  then 
becomes  of  a  dark  brownish  colour. 

The  fallaoiea  attendant  upon  the  use  of  Fehlu:^<h 
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teat  are  due  to  the  fact  that  other  Bubsttuices  id  tlia 
urine  besides  glucoso  can  reduce  cnpric  oxide.  The 
chief  o£  these  are  uric  acid,  creatinin,  and  hippurio 
acid  among  the  normal  ingredients  ;  of  the  abnormal 
constituents,  the  chief  are  lactose,  glycuronic  and 
glyeosuric  acida,  and  the  prbducts  of  certain  drugs — 
e.y.  chloral,  chloroform,  glycerine,  benzoic  acid,  salicy- 
lates, carbolic  acid,  etc. ;  "  alkapton "  urines  also 
redace  Febling.  If  the  patient  be  taking  no  drugs, 
and  if  the  urine  be  examined  by  Fehling'e  method  as 
modified  by  AJlen,  the  only  substuncee  likely  to  lead 
to  error  are  glycuronic  acid  and  lactose.  If  one  is 
still  in  doubt,  the  following  additional  tests  should 
be  employed ; — 

(3)  Nylander's  (or  BtMyer's)  test.— The,  reaction 
depends  upon  the  power  of  glucose  to  reduce  bismuth 
compounds  in  alkaline  solution  with  the  fot'mation  of 
tlie  black  suboxide.  To  10  cc.  of  urineadd  I  cc.  of  the 
i'i:agent  (Appendix  16),  shake  and  hoit  for  two  or 
three  minutes.  If  sugar  is  present,  a  fine  black 
precipitate  of  bismuth  suboxide  settles  down.  This 
test  ia  extremely  delicate,  and  is  not  given  by  the 
reducing  bodies  often  present  in  excess  in  normal 
urine.  Glycuronic  acid,  lactose,  and  some  drugs  {e.g. 
rhubarb,  senna,  salol,  turpentine,  antipyrin,  etc.), 
however,  give  a  i)ositive  reaction. 

(4)  Picrie  acid  fasi.— Take  1  in.  of  urine  in*» 
test  tube.  Add  ^  in.  of  saturated  solution  of  picric 
acid  and  a  few  drops  of  caustic  potash  ;  heat.  If 
sugar  is  present,  the  solution  becomes  of  a  very  dark 
red  colour,  owing  to  the  reduction  of  the  picric  to 
picramic  acid. 

Fallacies. — (a)  Normal  urine  cauaoe  some  darken. 
ing  of  the  fluid  when  the  test  is  carried  out  aa  above 
Tliia  ia  owing  to  the  creatinin  which  it  contains.  The 
colour  is  not  nearly  so  dark  as  that,  produced  by 
iagtir,  and  the  solution  always  remains  tranAparent 
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■when  heU  up  to  tht  light,  {b)  II  the  picric  acid 
IB  irapuri',  it  may  darken  spontaneously  when  heated 
with  caustic  potash.  It  is,  therefore,  welt  to  test 
the  jiicric  acid  employed  hefore  using  it, 

(5)  Phenyl  hydrazin  Ust. — Place  60  cc.  of  urine 
in  a  100  cc.  breaker.  Add  1  gramme  of  sodium 
acetate  and  rather  leas  pure  phenyl  hydraztn  hydro- 
chloride (tlie  colourless  crystals  are  best).  Flnce 
in  a  water  bath,  stii-ring  from  time  to  time,  and 
BCi-aping  off'  any  deposit  which  forms  on  the  aides. 
Continue  till  bulk  is  reduced  to  10  or  15oc.  Allow 
to  cool,  and  examine  dejKtsit  afti^r  two  hours.  If 
there  are  no  crystals,  sugar  is  absent. 

The  following  is  a,  simpler  form  of  the  test  for 
clinical  purposes : — 

Dissolve  ^  gramme  of  phenyl  hydraztn  hydro- 
chloride and  IJ  grins,  of  sodium  acetate  in  a  few 
cc.  of  water  by  aid  of  gentlo  heat.  Add  5  cc.  of 
the  urine,  and  buil  for  three  to  five  minutes.  Set 
aside,  and  after  the  lapse  of  ten  minutee  crystals  will 
have  formed  if  sugar  is  present. 

The  crystals,  which  consist  of  jihenyl  glucoaazon, 
are  needle-shaped,  and  of  a  luight  yellow  colour. 
They  tend  to  be  arranged  in  stars  or  fans. 

The  test  is  extremely  delicate,  and  will  show  the 
presence  of  even  O-OI  per  cent,  of  glucose.  Qlycuronic 
acid  and  pentoses  also  give  crystals,  but  are  rarely 
present  The  cryabals  yielded  by  lactose  are  Bborter, 
broader,  poinled  at  both  ends,  and  have  less  tendency 
to  form  stars. 

Riegler  *  proposes  the  following  modification  of 
the  teat : — 

In  a  small  porcelain  capsule  place  about  \\  grains 
of  pure  white  jihenyl  hydrazin  crystals  along  with 
7  grains  of  sodium  acetate.  Add  20  drops  of  the 
urine,  and  heat  to  lioiting.     Place  the  capfule  on  a 
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ible,  and  ctdd  20  or  30  dropB  of  10  per  cent. 
aoda.     If  a  red  violet  colour  appears  within  a  minate, 
fiugaj"  is  present  in  pathological  quantities. 

(6)  Jf^ermenlation  ie^l.—T^his   is   really   the  only 

abeolutely  certain   teat  for  glucose,    that   being  the 

only  fermentable  substance  which  is  ever  found  in 

the  nrine.      Neither  lactose  nor  ;^lyciironic  acid — the 

'o  substances  most  liable  to  be  mistaken  for  glucose 

IB  fermentable.      The  following  precautions  must 

observed  in  oarrjing  out  the  test : — (i.)  The  urine 
lOst  be  acid.  Alkaline  urine  would  putrefy  ;  there- 
tre  render  it  acid,  if  necessary,  by  adding  tartaric 
B(dd.  (ii.)  Boil  the  urine  for  ten  minutes,  so  as  to 
drive  off  any  air  it  may  contain.  Use  German  yeast. 
Shake  the  urine  up  with  a  small  piece  of  it,  so  as  to 
form  an  emulsion  free  from  lumps,  then  place 
the  urine  so  prepared  in  a  tube.  Special  fermenta- 
tion tubes  are  manufactured.  If  one  of  these  is 
not  obtainaljle,  an  ordinary  test  tube  inverted  in  a 
bath  of  mercury  will  do.  A  Doremua  (Southall's) 
ureometer  tube  does  extremely  well.  The  long  limb 
of  it  should  be  filled  with  the  urine  completely,  no  air 
bubbles  being  left.  Set  aside  the  tube  in  a  warm 
place,  and  examine  after  a  few  hours.  If  a  distinct 
babble  has  appeared  at  the  top  of  the  tube,  the  urine 
is  fermentable,  and  contains  at  leaat  ^^  per  cent 
glucose.  Care  must  be  taken  to  ascertain  that  the 
feast  is  active.  It  should  be  tested  with  a  dilute 
Bolution  of  glucose.  It  is  also  well  to  have  a  control 
tube  full  of  normal  urine  to  which  yeast  has  been 
added,  as  the  yeast  itself  is  apt  to  give  off  a  little 
gas. 

If  these   precautious   ai-e   observed,    the  teat   ia 
abaoiutely  irustwortliy  and  extremely  delicate, 

QnnDtiiailvc  cNiimulitin  of  suRiir. 

(1)    FehlingU    method    consists    In    titrating    the 
urine  with  a  known  quantity  of    Fehling'a  solution. 
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at  boiling  temperature,  and  observing  when  all  the 
cupric  oxide  has  been  reduced  to  cuprous  oxide,  as 
evidenced  by  the  discharge  of  all  the  blue  colour  from 
the  solution.  As  Fehling's  is  a  standard  solution, 
and  as  the  exact  quantity  of  glucose  required  for  the 
complete  reduction  of  a  given  quantity  of  it  is 
definitely  known,  it  is  easy  to  estimate  Uie  amount 
of  glucose  present  from  the  quantity  of  urine  used  up 
in  the  titration.     One  proceeds  as  follows : — 

If  ordinary  diabetic  urine  is  being  examined,  it 
should  be  diluted  to  the  extent  of  I  in  20  (5  cc.  of 
urine  to  95  cc.  of  water).*  Fill  a  burette  with  it. 
Measure  10  cc.  of  Fehling's  solution  into  a  flask  of 
100  cc.  capacity,  add  a  little  strong  caustic  soda  solu- 
tion,! and  water  to  50  cc.  Boil.  Whilst  boiling,  run 
in  the  urine  till  the  fluid  above  the  precipitate  of 
cuprous  oxide  has  lost  all  colour.  Any  return  of 
colour  on  cooling  must  be  disregarded.  This  gives 
one  an  approximate  idea  of  the  amount  of  urine 
required  for  reduction.  The  process  must  now  be 
repeated  on  a  series  of  flasks,  the  urine  in  each  case 
being  -added  all  at  once,  not  dropped  in  gradually, 
until  one  flnds  to  -^^  of  a  cc.  the  exact  amount 
required  to  decompose  the  10  cc.  of  Fehling. 

This  is  the  only  way  of  getting  a  really  accurate 
result,  and  the  method  is,  of  course,  laborious.  By 
having  several  flasks  of  Fehling  ready  and  heated,  a 
good  deal  of  time  can  be  saved,  but  even  then  a 
precise  result  can  hardly  be  obtained  within  half  an 
hour. 

Calculation :  10  cc.  Fehling  =  0*05  grm.  glucosa 
Suppose  10  cc.  of  the  diluted  urine  has  been  used,  and 
5,000  cc.  to  be  the  amount  of  urine  passed  in  24 
hours;  then — 

*  The  urme  must  be  diluted  to  such  an  extent  that  not  more 
than  6-10  cc.  are  required  to  reduce  10  cc.  of  Fehling. 

t  This  facilitates  the  separation  of  the  cuprous  oxide. 
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^^Lq          -     Bi  u             5,000  X  0-05  V 

^^^■engar  in  24  hours  =  -! — —-j- =  26  grma  ■ 

^^V      but  the  urine  was  diluted  I  in  20,  ■ 

^^^        .-.  sugar  in  24  Loura  =  25  x  20  =  500  gnus.  1 

To  get  the  rcBult  in  English  measure,  remember  1 
that —    10  00.  Fehliiig  =  0-77  grain  sugar, 


Therefore — 
Gtraiiis  sugar 


"  number   of    cc.       "  " 
ices  in  24  hours         ^^  ^ 


^M  number  of  cc.  used 

The  result  must  be  multiplied  according  to  the 
degree  of  dilution. 

(2)  Pavy'g  method  is  much  more  convenient  for 
clinical  purposes.  It  dillers  from  that  of  Fehling  in 
this — that  a  quantity  of  strong  arariionia  is  added 
to  the  alkaline  cupric  tartrate  solution.  Ammonia 
is  able  to  dissolve  cuprous  oxide,  the  solution  being 
colourless.  Hence,  when  the  solution  is  titrated  at 
the  boiling  point  with  a  solution  containing  glucose, 
the  mixture  gradually  fades  until  every  trace  of  blue 
has  gone,  and  one  is  not  confused  by  the  throwing 
dovn  of  a  red  precipitate.  Pavy'a  solution  has  also 
the  advantage  of  keeping  indefinitely,  and  of  beinj; 
possessed  of  an  originally  deeper  oolour.  The  metho.1 
of  preparing  it  will  be  found  ini  the  Ap|iendix  (Ift), 

Metliod. — Fill  a  burette  with  diluted  urine  us 
before.  The  outflow  from  the  burelte  shoulil  lie 
reguliited  by  «  sto])cock  or  screw.  The  end  of  il,« 
buiette  is  connected  with  a  tube  pussing  through 
tlie  stopper  of  a  160  oc.  Qiuik.  Another  hole  in  the 
Stopper  allows  the  passiigo  of  an  exit  tulje  for  the 
escape  of  the  fumes  of  amnionin  (Fig.  91).  Place  in 
"■  »  0aak  10  oc.  of  the  solution,  diluted  with  T" 


water.*  WLen  the  solution  ia  boiling,  run  in  the  urine. 
It  shoulil  be  run  in  at  the  rate  of  60-100  di-ope  pet 
minutfi.      Kot  too  fast,  or  the  limit  of  reduction  maj 


iratepped,  and  not  too  slowly,  or  all  the  a: 

le  driven  off  and  some  ciiproua  oxide  thrown 

ime  vritera  recomniocd  tbat  50-100  cc.  of  Pavy^a  sotDtton 
0.  This  nfltwaitutCB  the  addition  of  a  little  talc  or  pumice 
I  prerout  bumpiDg.  and  alio  of  lome  arruigemeiit  tn 
ine  the  f umea  of  ammunia  given  off.  k  \ai  o\  iusA'Ab.'u*^ 
u  shown  in  figure)  does  Ihis   quil*  ■weli.     '  ' "* 
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down.  When  the  hlue  colour  has  entirely  faded, 
take  a  rending  of  the  burette, 

Tlie  calculation  is  peiionned  in  the  same  way  aa 
for  Fehling's  method,  hut  it  mnst  be  renienibered 
that  10  00.  of  Pavy'B  solution  is  only  =  0-005  grm. 
fjlucoae,  i.e.  it  ia  ten  timea  lesa  strong  than  FehJiiig'a. 
The  accompanyiog  table  sayes  the  trouble  of  calou- 
latiou.  It  gives  the  sugar  in  grammes  per  1,000  cc. 
The  same  table  may  l«  used  for  Fehling's  method  (pro- 
vided that  10  cc.  of  Fehling  has  been  taken),  the 
number  of  parts  jier  1,000  being  always  multiplied 
by  10,  to  allow  for  the  greater  strength  of  Fehling's 
solution;  e.g.  if  10  cc.  diluted  urine  is  used  in 
Pavy's  method,  reference  to  the  table  shows  that  this 
means  0*5  gnu.  sugar  per  1,000  cc.  ;  by  Fehling's 
method,  it  would  be  eijuivalent  to  6  grm.  per  1,000  co. 
In  each  case  the  result  must  be  multiplied  by  20  if 
the  urine  has  been  diluted  1  in  20,  and  if  it  be  desired 
to  express  the  result  in  grains  per  ounce  the  amount 
per  1,000  cc.  should  be  multiplied  by  0-4376. 

In  both  methods  the  urine  must  be  freed  fratii 
albumin  (if  necessary)  by  adding  two  drops  of  acetic 
acid,  boiling,  neutralising  with  calcium  carbonate, 
filtering  and  making  up  to  the  original  volume  with 
water. 

(3)  Gerrard'e  cj/ano-capric  method,* — This  method 
depends  upon  the  fact  that  the  colourless  double 
cyanide  of  potash  and  copper  ia  capable  of  holding 
cuprous   oxide   in   solution    just    as    ammonia   does 

liquid  paraffln  poured  on  its  aurfaee  lervea  u  a  nlfB  Hnd  pre- 
vents any  air  trom  gettinK  in  and  causing  re-oiidation  of  the 
eupruua  mide.  Sutton  leaoa  tlie  fumes  awuy  by  an  elaslio  tuba 
cliisad  at  the  end  bj  m,  plug  of  gla^s  Tod,  with  >  tranBTerja  rfit 
just  shove  the  plug.  This  itllowB  the  /ames  to  eaoape,  uid  pre- 
•enU  the  returu  o!  fluiil  iu  cua  o(  a  vacuum  (onning.  Pavy 
bimaelt  uiaa  ool;  6-1I)  co.  of  his  aolution.  If  ths  uiine  is  raffl- 
cieaUj  diluted  tbia  |^veB  quite  accurate  resnltt,  and  the  muli 

*  -'anjraonia  given  off  ia  do  inconveuieooe. 

"  Ste  AJltax't  "  Chaauitrj  ol  CiiDB,"  ^.  IK. 
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TahU  ihwoing  ih$  Amount  of  Sugar  expressed  in  Farts  {by 
weight)  per  1,000  {by  volume),  eorrespondiny  with  00.,  in 
lOths,  required  to  dmilorise  10  ee,  of  the  Ammoniated  Oupric 
Test. 


cc.  to  de- 

Parts  per 

CO.  to  de- 

Parttper 

cc.  to  de- 

Parts per 

colorige. 

IfiOO. 

colorise. 

1.000. 

colorise. 

1.000. 

10 

6-000 

5-7 

•877 

10^4 

•480 

•1 

4-545 

*8 

•862 

•ft 

•476 

•s 

4-166 

*9 

-847 

•e 

•471 

•8 

8*846 

6-0 

•888 

T 

•467 

•4 

8-671 

•1 

*819 

•8 

•462 

•6 

8-388 

•2 

•806 

•9 

•468 

•6 

8-125 

•8 

*798 

ll-O 

•464 

•7 

2-941 

•4 

•781 

•1 

•460 

•8 

2*777 

*6 

•769 

•J 

•446 

•9 

2-682 

*« 

•767 

•8 

•442 
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•7 

•746 

•4 

•488 

•1 

2*880 

*8 
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•6 

•484 

•2 

2-272 

*• 

*724 

•6 

•481 

•8 

2*178 

7-0 

*714    ' 

•7 

•427 

•4 

2-083 

•I 

*704 

-8 

-423 

•5 

2-000 

•a 

*694 

•9 

•420 

•6 

1*928 

•8 

•684 

12-0 

-416 

•7 

1-861 

*4 

*676 

-1 

•413 

•8 

1-785 

•6 

•666 

•2 

•409 

•9 

1-724 

*« 

-667 

•8 

•406 

8-0 

1-666 

*7 

•649 

4 

•408 

•1 

1-612 

•8 

*640 

•6 

-400 

•2  . 

1-662 

*9 

*682 

*6 

•896 

•8 

1-616 

8*0 

•626 

•7 

-898 

•4 

1*470 

1 

•617 

-8 

-890 

•5 

1-408 

4 

•009 

•9 

-887 

•« 
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•8 

•602 

18*0 

*384 

•7 

1*861 

•4 

-696 

-1 

*381 

•8 

1*816 

•6 

•688 

-2 

•378 

•» 

1-281 

•• 

•681 

•8 

•376 

4-0 

1-260 

•7 

•674 

•4 

-373 

•1 

1*219 

•8 

•668 

•6 

-370 

•2 

1-190 

•0 

•661 

•6 

•367 

•8 

1*162 

9*0 

•666 

-7 

*364 

•4 

1186 

*1 

-649 

•8 

•362 

•6 

1-111 

•a 

*643 

•9 

•369 

•6 

1-086 

•t 

*587 

14-0 

-357 

•7 

1*068 

•4 

•631 

-1 

-864 

•8 

1*041 

•6 

*626 

•2 

•352 

•9 

1-020 

•6 

*620 

•8 

-349 

6-0 

1-000 

•7 

•616 

-4 

*347 

•1 

•980 

•8 

•610 

•6 

•344 

•2 

*961 

*9 

•606 

•6 

-842 

•8 

-943 

lO-* 

•600 

•7 

•340 

•4 

•926 

•1 

-496 

•8 

•337 

•6 
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•2 

•490 

•9 
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•6 

•892 

•8 

•486 
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Pavy's  process.      If,  therefore,  Fehling'a  solution 

titrated  with  a  Bugiir  solution  in  the  presence 
of  this  cyanide,  the  blue  colour  fadea  gradually,  no 
precipitate  being  thrown  down.  The  end  point  is 
thus  very  sharp,  and  bb  there  ia  no  tendency  to  re- 
oxidation,  the  process  may  be  safely  conducted  in  an 
open  porcelain  basin. 

To  prepare  the  double  cytvnide.- — Diiute  100  cc. 
Fehling  with  about  300  cc  water,  boil  and  run  in 
caatioosly  an  approximately  6  per  cent,  solution  of 
cyanide  of  potash.  When  the  colour  ia  Just  gone, 
dilute  to  exactly  500  cc.  and  keep  in  a  well-stoppered 
bottle. 

Metliod  of  litration.—lo  50  cc.  of  the  above  solu- 
tion add  10  cc.  of  Fehling,  and  boil  in  a  porcelain 
basin.  Cautiously  run  in  the  diluted  urine  till  the 
colour  of  the  solution  has  just  gone,  and  calculate  as 
in  the  ordinary  Fehling  method,  for  aa  the  double 
cyanide  undergoes  no  reduction,  one  has  only  tc 
reckon  with  the  10  cc.  of  Fehling  added.  This  pro- 
cess is  both  rapid  and  accurate,  and  will  probably 
BU];>erKede  all  others  for  clinical  use.  As  a  mixture 
of  the  double  cyanide  and  Fehling's  solution  will  keep 
quite  well  for  a  number  of  weeks,  it  ia  easy  to  prepare 
it  in  bulk  and  to  measure  out  each  time  such  an 
amount  as  will, correspond  to  10  cc.  of  Fehling. 

In  an  ordinary  case  of  dialietes,  3  litres  or  so 
(about  5^  pints)  of  urine  will  be  passed  daily,  con- 
taining on  an  average  100  grms.  of  glucose  (3-4 
per  cent.). 

In  recording  the  amount  of  sugar  passed  in  a  case 
of  diabetes  it  is  better  to  make  a  really  accurate 
eHtimation  every  third  day,  or  even  once  a  week, 
rather  than  a  hurried  and  unreliable  calculation 
every  day. 

l.acto8iirla.->-LactoBe   is   sometimes    found    in 
treciable  gu&ntity  in  tlie  orine  of  women  who  aW- 
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nursing.  It  reduces  Fehling's  solution,  and  gives 
with  the  phenyl  hydrazin  test  yellow  crystals  of 
phenyl  lactosazon,  which  are  broader  than  those 
yielded  by  glucose,  but  it  gives  no  reaction  with  the 
fermentation  test.  Tt  may  be  estimated  by  titration 
with  Fehling's  solution,  it  being  remembered  that 
the  reducing  power  of  lactose  is  to  that  of  glucose  as 
7  is  to  10 ;  i,e,  if  7  parts  of  glucose  reduce  a  given 
quantity  of  Fehling,  it  will  require  10  of  lactose  to 
effect  the  same  result. 

Pentosuria. — This  is  a  condition  only  recently 
described.  It  consists  in  the  presence  in  the  urine  of 
pentoses,  t.e.  carbohydrates  containing  only  5  atoms 
of  carbon.  They  have  the  general  formula,  C5H10O5. 
The  pentoses  do  not  exist  free  in  nature,  but  can  be 
obtained  easily  by  hydrolytic  decomposition  of  complex 
carbohydrates  belonging  to  the  gum  class,  present  in 
many  fruits  (e,g.  cherries).  They  are  distinguished 
&om  the  hexoses,  such  as  glucose,  in  not  furnishing 
laevulinic  acid  in  decomposition  with  sulphuric  acid  or 
HCl ;  when  gently  heated  with  phloroglucin  and 
HCl  they  give  a  cherry  red  reaction. 

They  furnish  osazones,  are  not  fermentable,  and, 
on  distillation  with  HCl,  furfurol  is  given  off. 

They  are  optically  active,  and  reduce  cupric  oxide. 
They  only  occur  very  rarely  in  the  urine,  and  their 
pathological  significance  is  unknown. 

IV. — Bile  in  the  Urine. 

Both  bile  pigment  and  bile  acids  may  be  present 
Usually  they  occur  together,  but  the  pigment  much 
more  abundantly  than  the  acids.  The  usual  cause  of 
the  entrance  of  the  bile  constituents  into  the  urine 
is  some  obstruction  in  the  bile-passages.  It  was  for- 
merly believed  that  bile  pigment  could  be  formed 
in  the  blood  owing  to  a  destruction  of  the  normal 
blood  pigment,  and  thence  find  its  way  mUi  ^iJtia  \«vaa> 
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constituting  the  so-called  "  liaematogenous"  jaundice. 
This  is  now  known  to  be  an  error.  It  is  also  very 
doubtful  whether  traces  of  the  bile  acids  are  really 
always  present  in  the  urin(^,  as  is  the  belief  of  some. 
As  long  as  the  urine  is  fresh,  bilirubin  is  the  form  of 
bile  pigment  always  found  in  it.  After  it  has  stood 
for  some  time,  biliverdin  is  apt  to  be  formed  as  the 
result  of  oxidation. 

Urine  which  contains  bile  is  greenish  or  brownish- 
yellow  in  colour,  and  somewhat  more  viscid  than 
normal,  so  that  the  froth  which  forms  on  the  top 
after  shaking  is  unusually  permanent.  Salol  urine 
may  closely  resemble  urine  which  contains  bile,  but 
the  froth  in  the  latter  case  is  also  greenish ;  in  salol 
urine  it  is  not. 

Tests  for  bile  pig^ment. 

GmelirHs  test. — Place  some  of  the  urine  in  a 
conical  glass,  and  run  a  little  impure  nitric  acid  down 
the  side  so  as  to  form  a  layer  at  the  bottom.  Oxi- 
dation of  the  bile  pigment  occurs,  the  most  highly 
oxidised  product  (choletelin)  forming  a  yellowish  red 
ring  nearest  the  acid.  Above  this  is  a  reddish  ring, 
then  violet  (bilicyanin),  and  highest  of  all,  green 
(biliverdin).  Of  these  rings  the  green  is  alone 
characteristic  of  bile,  all  the  others  may  be  yielded  by 
urinary  indigogens.  The  test,  as  thus  carried  out,  is 
not  very  sensitive,  and  may  fail  even  when  6  per 
cent,  of  bile  is  present.  The  sensitiveness  of  the 
reaction  can  be  increased  by  repeatedly  filtering  the 
urine  through  an  ordinary  filter  paper.  The  latter 
becomes  impregnated  with  the  bile  pigment,  and  if  a 
drop  of  impure  nitric  acid  be  placed  upon  it  a  play  of 
colours  can  easily  be  seen. 

The  following  modifications  of  it  are  much  more 
delicate,  and  should  always  be  employed  in  doubtful 
cases.     They  will  reveal  the  presence  of  0  2  per  cent. 
of  bile. 
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(1)  To  50  cc.  urine  add  5  cc.  of  10  per  cent 
barium  chloride  solution  and  5  cc.  chloroform.  Shake 
for  several  minutes.  -Set  aside  for  ten  minutes.  The 
chloroform  and  precipitate  of  phosphates  fall  down, 
carrying  with  them  any  bile  pigment.  If  there  is  still 
any  of  the  precipitate  suspended,  move  the  jar  gently 
to  and  fro  for  a  little,  when  it  will  settle  down.  Now 
draw  off  the  chloroform  and  precipitate  with  a 
pipette ;  if  some  urine  is  removed  at  the  same  time, 
no  matter.  Place  in  a  flat  dish,  and  set  the  latter 
over  a  basin  of  hot  water  till  all  the  chloroform  has 
evaporated.  Allow  to  cool,  and  pour  off  any  fluid 
from  the  precipitate.  The  latter  will  be  yellowish. 
Place  impure  nitric  acid  in  drops  here  and  there  on 
the  surface  of  the  precipitate.  If  bile  pigment  is 
present,  a  play  of  colours  appears  round  each  drop. 

(2)  Render  10  cc.  of  the  urine  alkaline  with  caustic 
soda,  and  add  a  little  10  per  cent,  calcium  chloride 
solution.  Collect  and  wash  the  precipitate,  and  place 
it  along  with  the  Alter  paper  in  a  small  porcelain  disk 
Pour  on  it  10  cc.  of  acid  alcohol  (5  cc.  strong  soda  to 
100  cc.  alcohol).  Heat  the  yellowish  solution  in  a 
test  tuba  If  bile  is  present  it  becomes  green  or 
bluish. 

Iodine  test, — If  a  10  per  cent,  alcoholic  solution  of 
iodine  is  poured  on  the  top  of  the  urine  in  a  test  tube 
an  emerald  green  layer  appears  where  the  two  fluids 
join,  if  bile  is  present. 

Test   for  bile  acids. 

Pettenkofer's  test  for  bile  acids  is  inapplicable 
in  the  case  of  urine,  for  even  normal  urine  gives,  with 
strong  sulphuric  acid,  a  purplish  colour  which  might 
be  mistaken  for  a  positive  reaction.  Oliver  has  pro- 
posed the  following  test  as  a  substitute.  It  depends 
upon  the  power  of  bile  acids  to  precipitate  peptone  in 
acid  solution.  The  peptone  solution  is  prepared  as 
in  the  Appendix  (16).     Proceed  aa  fo\\.ow^\ — 
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Olivet'i  te»t. — Filter  tbe  urine  until   quite  dra 
acidify  it  if  uiicessury,  and  dilittt!  it  till  tbe  specifi 
gravity  is  less  than   1,008.     Take  60  minima  of  tb 
solution  in  a  test  tube  and  add  to  it  20  minims  of  th^ 
urine.     If  bile  acids  sire  present  a  decided  niilkineS 
uppeara  at  oaue,  and  is  dense  in  proportion  to  tbl 
amount  of  acids.     It  may  disappear  on  agitation,  I 
reappears  on.odding  more  of  the  solution.      Tlie  b 
is  extremely  delicate,  und  nothing  as  yet  found  in  th9  J 
urine  interferes  with  it. 

V. — Pub  is  the  Urine  (Psuria). 
The  naked-eye  characters  of  a  urine  which  c 
taiua  piia  Lave  already  been  described  (p.  305).  On  j 
chemical  examination  such  a  urine  is,  of  co 
always  albuminous.  It  is  often  difficult  to  decide 
juxt  as  it  is  in  hiematiiria,  whether  all  the  albumii 
IS  accounted  for  by  the  pus  alone  or  whether  there  i 
true  albuminuria  in  addition.  Keineckehaa  propose 
•jbe  following  method  for  enabling  one  to  form 
elusion  in  this  mutter.  He  shakes  up  the  u 
twenty-four  hours  thoroughly,  so  as  to  diffuse  the  pi 
evenly  through  it.  He  then  counts  the  pus  col 
Di'eseut  by  means  of  a  hiemocytometer,  just  as  in  til 
method  for  eBtimatiag  the  red  blood  corpuscles  in  tb 
blood,  only  without  previous  dilution.  He  finds  thi 
100,000  pus  oella  per  cubic  millimetre  shot 
Bpond  to  1  per  cent,  of  albumin  (Esbach).  If  th« 
be  more  albumin  than  this  with  that  number  i 
corpuscles,  then  albuminuria  is  present  in  addition  1 
pyuria,  Obviously,  the  method  can  only  afford  9 
pros unate  indications.  Moreover,  it  is  inapplicable 
the  urine  be  ammoniacal,  or  if  it  contains  i 
mucus  It  should  bo  atldod  that  if  the  number  i 
pus  cells  exceeds  3,000  per  cubic  millimetre,  the 
should  be  diluted  with  1  per  cent,  salt  solution  prii 
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Tesis  for  pns.— As  already  mentioned,  urines 
wliii;h  contain  pus  give  a  green  colour  on  the  adilitioa 
of  guaiac,  wiiich,  however,  disappears  npon  heating. 

If  liquor  potassffl  be  added  to  the  deposit  of  pus, 
a  fopji  gelatinous  mass  i-eaults.  For  the  micnv 
Bcopicdl  recognition  of  pus  in  the  urine,  nee  p.  373. 

Some  Rarer  Abnormal  Oonstitl-hsts,  op  Ukine. 

(1.)  Ilrinnry  indigogens. — We  have  seen  (p. 
311)  that  indol  is  excreted  in  the  urine  in  the  form  of 
potassium  indosyl  sulphate — the  so-called  "  indican." 
Small  quantities  of  potaBsium  skatoxyl  sulphate, 
derived  from  ekatol,  are  also  to  be  found  in  hitman 
urine.  On  oxidation  these  compounds  yield  coloured 
substances,  indigo  blue  and  indigo  red.  Hence  they 
are  called  urinary  indigogena.  To  detect  their  pres- 
ence one  oxidises  them  in  one  of  these  ways  ; — 

(i.)  Remove  albumin,  if  present,  by  boiling.  Add 
to  some  of  the  urine  in  a  test  tube  an  equal  quantity 
of  hydrochloric  and  a  few  drops  of  nitric  acid,  wid 
boil.  Cool  and  shake  up  with  a  little  chloroform. 
The  chloroform  dissolves  out  the  products  of  oxidation 
and  becomes  of  a  violet  tint  from  the  mixture  of 
indigo  blue  and  indigo  red,  if  excess  of  indigogens  is 
present  The  presence  of  iodides  in  the  urine  must 
be  excluded  before  applying  this  test 

(ii.)  Remove  albumin  and  add  hydrochloric  acid, 
as  above.  Then  drop  in  slowly  a  freshly  prepared 
dilute  solution  of  bleaching  povrder  (I  in  20),  shaking 
all  the  time  till  the  blue  colour  ceases  to  become 
deeper.  The  indigo  blue  may  then  be  dissolved  out 
with  chloroform  as  above.  The  development  of  the 
blue  colour  does  not  proceed  very  rapidly,  and  one 
must  be  careful  not  to  add  too  much  bleaching  powder 
or  oxidation  will  proceed  too  far,  colourless  compounds 
resulting. 

Traces  of  the  indigt^ens  are  normally  present  ^i 
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tlie  iii'iiit^     'I'hereildi)>lj'yi;llow  transpareut  ringv 

apiieui'E  tiliove  a  layer  of  aitric  aoid  wLen  the  latter  ii 

added  to  the  urine  is  due  to  their  partial  oxidation,*' 

Tliey  are  increased  in  all  conditions  associated  witi 

excessive   putrefaction.     Hence    they  are    much 

created  whenever  the  inteHtinal  coQt«ntH  are  undul 

retained — t.g.   in  chronic  constipation  and  intestia 

olwtructioQ.     They  are  also  increased  in  some  fevers 

(2)  Acetone. — Hydroxybutyrio  acid,  aceto-aceUi 

acid,  and  acetone  may  all  occur  in  the  urine. 

reiatioii.-ihip  lietween  the  three  may  be  seen  from  t 

following  formuliB ; — 

/J-Hydroxybutyricacid=CH3CH{OH)CHjCOOI 

Aceto-acetic  acid        =CHj  CO,  CH„COOH. 

Acetone  ...  =CHs,  CO,  CHy 

^HydiBxybutyrie  acid  is  formed  first,  probafai 

by  destruction  of  proteidK  ;  it  tlien  becomes  oxidiaai 

yielding  aceto-acetic  acid. 

CH^aH(OH)CH,COOII  +  0  ^  CH,,COCHj 
COOH  +  HgO. 
The  aceto-acetic   acid    is  very  easily  decompool 
into  acetone  and  CO,, 

CH,,COCHjCOOH=CH3COCH3  +  COg 
Only  acelo-acetic  acid  and  acetone  require  to  1 
detected  in  the  urine.     Hydroxy  butyric  acid  alwttj 
occurs  along  witli  the  Grst  of  these. 

Teat  for  aeeta-aettie  aoid. — The  urine  must  be  £rei 

and  unboiled,  as  the  acid  readily  decomposes.     Ta] 

i  urine   in  a   test  tube,  drop  in   a  solution  ( 

perchloride  of  iron,  diluted  uutil  it  is  of  a  pale  ahen 

colour,  as  long  as  a  preci[iitate  of  phosphate  of  iit 

'  In  port  algo  the  rcilduh  colonr  so  obtainod  ii  due  to  tl 
pigTn<^ut  urnrosciu,  which  is  prodiiced  Irom  ita  chromoBen  1i;  tl 
__^__.  ^f  n,i„jj.,j  jcjjj.     Its  cliuical  idgiiificauca  U  uuknuwii,  Iji 

a  met  with  in  tbo  urine  of  ohlorotic  patieuta  wid 

>t  intestinal  orisiu. 
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falls.  Filter,  and  add  to  the  filtrate  another  drop  or 
two  of  the  iron  solution.  The  solution  becomes  claret 
coloured  if  aceto-acetic  acid  is  present.  On  boiling 
the  urine  the  colour  disappears.  Antipyrin,  salicylates, 
carbolic  acid,  and  some  other  drugs  give  a  similar 
colour  with  perchloride  of  iron,  but  it  is  not  affected 
by  heat. 

Test  for  acetone, — Urine  containing  acetone  has 
a  peculiar  fruity  odour.  It  reduces  Fehling*s  solution. 
The  best  test  for  its  presence  is  based  upon  its  ready 
conversion  into  iodoform : — 

CgHeO + 4K0H  +  Slg = SKI + KCgHgOj 
-f  CHIg  (Iodoform)  +  3  Hg  O. 

To  1  in.  of  the  urine  add  five  drops  of  10  per  cent, 
caustic  soda  or  potash.  Heat  gently.  Then  droj)  in 
a  saturated  solution  of  iodine  in  potassium  iodide  until 
the  liquid  has  a  yellowish  brown  colour.  Then  add  a 
little  more  caustic  potash  or  soda.  Iodoform  appears 
as  a  yellowish  turbidity,  which  settles  down  into  a 
crystalline  precipitate.  It  may  be  recognised  by  its 
odour.  Under  the  microscope  it  consists  of  hexagonal 
plates  often  gathered  into  stars. 

If  only  traces  of  acetone  are  present,  it  is  better  to 
distil  the  urine  after  the  addition  of  a  little  phosphoric 
acid  and  test  the  distillate  as  above. 

Acetone  and  the  substances  from  which  it  is  derived 
are  especially  apt  to  appear  in  the  urine  in  cases  of 
diabetes,  and  are  to  be  regarded  as  of  grave  import, 
their  appearance  being  often  followed  or  accompanied 
by  the  development  of  coma.  They  are  also  found  in 
some  fevers. 

(3)  Olycuronic  acid.— (CgH^o^^)  is  probably 
derived  in  the  body  from  dextrose.  Mere  tiaces  of  it 
exist  in  combination  in  normal  urine.  It  is  very  prone 
to  form  ethereal  or  glucosidal  compounds  if  suitable 
substances  are  introduced  into  the  circulation.  Hence 
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it  appeHTH  in  tJie  urine  in  conaiderable  qoantitf,  in 
paired  combination  with  aromatic  substances,  et«., 
afKr  the  adminiBtration  of  such  dmgs  as  chloral, 
benzoic  aciO,  chloroform,  morphia,  etc.  This  circum- 
stance gave  rise  to  the  old  belief  that  sucb  drugs 
produce  glycosuria ;  in  reality  the  substance  which 
is  excreted  after  their  use   is  glycuronic  acid,  not 

Occasionally  glycuronic  acid  occurs  spontaneously 

in  the  urine.     It  is  then  very  apt  to  be  mistaken  for 

;lucose.     The  error  is  a  serious  one,  for  the  patho- 

ical  significance  of  glycuronic  acid  in  the  urine  is 

grave  than  that  of  glucose.     Glycuronic 

lid    reduces  Fshling's  solution,  and  gives  a  yellow 

'«ryBtaIlme  precipitate  with  the  phenyl  hjdrazin  test. 

Tt   can   be   best    diEtinguished    from  glucose  in  the 

following  ways : — 

(L)  It  does  not  ferment  with  yeast. 

(ii.)  Dissolve  some  jnure  phlorogliicin  by  the  aid 

of  heat  in  5  cc.  of  ftiming  hydrochloric  acid  so  that  a 

slight  excess  of    the  substance  remains  undissolved. 

Cool  and  divide  iuto  two  equal  portions.     To  one  add 

\  cc.  of  normal  urine ;  to  the  other  a  similar  quantity 

of  the   urine  under  examination  after   decolorising 

both  with  animal  charcoal.     Place  both  in  a  beaker 

^^^^,of  boiling  water.     In  a  few  minutes  the  urine  which 

^^^Kpontains  glycuronic  acid  will  show  a  red  scum  from 

^^^^Brhich  a  bright  red  colour  spreads  throughout  it.    The 

^^^^Borinal  urine  remains  unaltered. 

^^H  (4.)  Cfslln  (C^HcNSO^),  is  sometimes  found  as 
^^^^K  deposit  in  acid  urines.  It  is  recognised  by  ita 
^^■Uiaracteristic  crystals  (see  Fig.  96,  p.  3G7).  It  ia 
^^^^HolublG  in  alkalies ;  hence  the  deiiosit  disappears  when 
I^^^The  urine  putrefies,  an  odour  of  sulphuretted  hydrogen 
beiug  evolved.  If  urine  which  oontaius  it  is  boiled 
with  a  little  caustic  potash  and  acetate  of  lead,  a 
ijkusk  precipitate  of  sulphide  of  lead  appears. 
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Cystin  is  a  product  of  proteid  metabolism,  and  is 
probably  derived  from  cystein,  the  normal  oxidation 
of  which  has  somehow  been  interfered  with.  It  is 
often  associated  with  the  appearance  in  the  urine  of 
diamines,  such  as  cadaverin  and  putrescin.  It  is  about 
twice  as  common  in  males  as  in  females,  and  has 
rarely  been  observed  after  fifty  years  of  age.  It  is 
apt  to  occur  in  several  members  of  the  same  family, 
and  may  appear  either  persistently  or  intermittently. 
It  is  of  little  pathological  significance  except  from 
its  tendency  to  form  calculi. 


VI. — Ehrligh's  Diazo  Reaction  in  XJrinb. 

We  shall  first  describe  this  test,  and  then  state 
its  significance.  The  reaction  depends  upon  the 
fact  that  if  sulphanilic  acid  (amido-sulpho-benzol)  be 
acted  upon  by  nitrous  acid,  diazo-sulpho-benzol  is 
formed,  which  unites  with  certain  aromatic  com- 
pounds occasionally  present  in  the  urine  to  form 
aniline  colours.  Two  solutions  are  necessary  :  (A)  A 
saturated  solution  of  sulphanilic  acid  in  5  per  cent 
hydrochloric  acid;  (B)  a  ^  per  cent,  solution  of 
sodium  nitrite.  Both  solutions  should  be  as  fresh 
as  possible. 

Add  to  some  urine  in  a  test  tube  an  equal  quantity 
of  A  ',  then  add  three  drops  of  B,  and  shake  till  a  froth 
forms.  Render  alkaline  with  ammonia.  If  the  liquid 
becomes  of  a  port  wine  colour  while  the  froth  is  also 
red,  the  reaction  is  positive.  The  test  has  the  following 
significance  : — 

(1)  If  the  urine  of  a  supposed  typhoid  in  the 
second  or  third  week  fails  to  give  the  reaction,  the 
diagnosis  is  probably  wrong.  In  very  mild  cases, 
however,  the  reaction  may  be  absent. 

(2)  The  reaction  is  present  in  ineas\fi;&^  VroX*  Tks:^^ 
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usually  in  German  measles  (rotheln).      It  is  thus  of 
value  in  distinguishing  between  the  two.* 

(3)  It  is  very  constantly  present  in  tubercular 
disease  which  is  advancing  rapidly. 

VIL — Drugs  in  the  Urine. 

Anlipyriii. — After  its  use  the  urine  may  be  red 
and  dichroic,  leading  to  the  suspicion  that  blood 
is  present.  On  adding  a  little  dilute  perchloride  of 
iron  a  purplish  red  colour  develops,  which  persists 
on  boiling,  but  disappears  on  adding  an  acid.  Urines 
containing  antipyrin  produce  a  partial  reduction  of 
Fehling's  solution  on  boiling. 

Carbolic  acid  (see  also  section  on  Colour  of 
Urine,  p.  298). — The  best  test  for  it  is  to  add  a  little 
bromine  water.  The  appearance  of  a  whitish  precipitate 
(tribromophenol)  indicates  the  presence  of  phenol. 

Chloral,  cliloroform,  etc.,  lead  to  the  appear- 
ance of  glycuronic  acid  (p.  360). 

Bromides* — Add  a  little  hydrochloric  acid  and 
a  few  drops  of  a  weak  solution  of  bleaching  powder. 
Shake  with  chloroform,  and  the  latter  becomes 
brownish  red  from  the  solution  of  the  free  bromine. 

Iodides. — Acidify  the  urine  with  a  little  pure 
nitric  acid,  and  shake  up  with  chloroform.  The  latter 
becomes  of  a  rose-red  colour. 

Iron. — Add  a  few  drops  of  nitric  acid.  Boil,  cool, 
and  add  a  little  10  per  cent,  ferrocyanide  of  potash. 
A  precipitate  of  Pnissian  blue  forms  if  iron  is  present. 

Klin  barb  and  santonin  have  been  referred  to 
under  the  colour  of  the  urine  (p.  299). 

Salicylates  and  salol  appear  in  the  urine  as 
salicyluric  acid.  Such  a  urine  gives  a  bluish  violet 
colour  on  the  addition  of  a  little  perchloride  of  iron  ; 
it  also  partially  reduces  Fehling's  solution. 

*  Dr.  Lloyd  Jones  inf orms  us  that  he  has  found  the  reaction 
in  Dot  a  few  cases  of  German  measles. 
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SECTION     III.— MICROSCOPICAL    EXAMIN- 
ATION   OF   URINARY    DEPOSITS. 

The  examination  of  deposits  in  urine  and  otiier 
fluids  liable  to  decomposition  is  greatly  facilitated  by 
using  a  centrifuge.  For  ordinary  clinical  purposea, 
perhaps  Beck's  is  as  convenient  aa  any  ;  where  a  large 


Fig.  OIL— Depoilt  In  aad 


number  of  examinationa  are  undertaken  it  is  better  to 
employ  one  driven  by  electricity  or  water  power. 

1. — [inorgnDiscd  Deposits. — The  first  group 
of  urinary  deposits  includes  the  various  salts  and 
crystalline  substances  that  are  found  in  urine,  either 
when  freshly  voided,  or  roore  often  when  it  has  stood 
foi'  some  time.  The  following  occur  in  acid  urine 
(Fig,  92), 

(1)  Uric  Acid. — This  appears  under  a  variety  of 
forma,  and,  unleas  the  urine  is  aJmoat  devoid  of 
colouring  matter,  assumes  a  reddish-brown  colour  in 
consequence  of  its  absorbing  a  considerable  amoant 
of  pigment.  To  the  naked  eye  the  appearance 
mwmbles  that  of   a  shower  of  grains    of    cayenne 
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pepper  collected  at  tlia  bottom  of  the  Bpedmeo. 
Under  the  microscope  the  oiyBtalB  are  either  rhombic 
prisraH  or  some  modifioatioii  of  that  form.  Often  the 
nore  obtuse  angles  are  roimded  off  and  the  edges 
continued  in  ourred  lines,  bo  that  pointed  oval  shapes 
result.  Numerous  crystals  may  be  joined  together  to 
produce  rosettes  and  otiher  composite  forms.     Some 


Fig.  M.— UdB  dd.    (mtlayin  iVlir  ninta.) 


of  the  more  common  are  represented  in  the  accom- 
panying figure  (Fig.  93). 

(2)  Urate  of  soda  occurs  rather  frequently  in 
the  urine  of  recently  bom  infants,  when  it  produces 
&  yellow  stain  on  the  napkin.  In  adults  it  is  found 
Tery  seldom.  The  appearance  presented  under  the 
microscope  is  that  of  spheres,  either  solitary  or  in 
clusters,  having  a  more  or  less  crystalline  structnre, 
and  possessing  numerous  spines  radiating  from  their 
surface  (Fig.  94). 
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(3)  Amorphons  orates. — ^Thea 

potassiuni,   sodium,   and  atninonium, 
consideralile    affinity 


e  are  nrates  of 

They  have  a 
3     iinnary     pigmente, 
hence   are  generally 
r  lesB  pink  or  brick- 
coloured.      In  very  pale 
urines  they  are  colourless, 
and  resemblerather  closely 
a  depoBit  of  phosphates. 
r     I        O'fYf  4llfJ     Microscopically  they  coa- 
k  -JL-  h  *    '        /     ^^''  "^^  small  granular  par- 
§j^jLf-jQ     /      tides,  arranged  in  moss- 
-     -»   '  "  M  /         like  clumps.     On  heating 
a  urine  from  which  they 
have  separated  out,  they 
will     be     found     to     re- 
dissolve  before  the  boiling  point  has  been  reached. 
I       Uric  acid  and  urate  of  soda  can  be  preserved  in 
Canada   balsam  —  the   water  being   got   rid   of    by 


o 
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ising  them  through  alcohol,  then   letting  a   drop 
dry  on  the  slide,  and  adding  balsam  in  xylol. 

(4)  llippuric   ucid   appears   in   human   urine 
cbieSy  after  the  odtuinistrutiou  of  bonzoio  acid  wiH'  | 
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salts.     It  occurs  as  colourless  four-sided  prisms,  insol- 
uble in  hydrochloric  acid,  but  soluble  in  ammonia. 

(5)  Oxalate  of  lime. — This  deposit  is  rarely 
abundant.  The  small  colourless  crystals  lying  on  the 
top  of  the  mucous  deposit  that  settles  at  the  bottom 
of  the  urine  glass  give  the  impression  of  an  undu- 
lating snowy  surface.  They  also  adhere  to  irregu- 
larities on  the  surface  of  the  glass,  producing  the 
appearance  of  scratches.     Two  forms  are  found  under 


Fig.  90.-HX,  Tyrosin  crystal!  f  h^  oystin ;  e,  Unoiii. 


the  microscope.  The  first,  which  is  by  far  the 
commoner,  consists  of  small  octahedral  crystals. 
When,  as  is  generally  the  case,  they  are  sUghtly 
flattened  along  one  axis,  they  appear  like  squares 
crossed  by  two  diagonal  lines,  or  like  long  octahedra, 
according  as  the  short  axis  lies  in  or  perpendicular  to 
the  line  of  sight.  The  other  form  in  which  oxalates 
occur  is  that  of  minute  dumb-bells  or  oval  biscuit- 
shaped  discs.  Some  writers  consider  that  this  form 
is  not  really  due  to  oxalate,  but  to  carbonate  of  lime ; 
yet,  though  carbonates  frequently  enough  assume  this 
shape,  there  can  be  little  doubt  that  und^x  c^^\\axi^ 
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conditions  oxalates  do  so  too.  For  permana 
specimens  octahedral  oxalates  are  1 
glycerine  jelly,  duinb-bell  oxalates  in  brtlsam  (Fig.  95 
(6)  Cyslin  is  a  r&re  deposit  in  liuman  urine,  bu 
when  it  occurs  the  precipitate  Js  often  copious,  and  % 
not  unlike  a  Bediment  of  fawn-coloured  urates, 
addition  of  a  few  drops  of  acetic  acid  to  a  i 
containing  cystin  in  solution  determines  its  precip 
tation.      From  ui'inc   it   is  deposited   aa    bexagoiu 


ttes.    {Aftrr  Yinla^vn.) 


tablets,  soluble  in  amroonia,  a 
evaporates    ai 


id  re-crystalliaing  wht 
hexagons    or    prisi 
(Fig.  96,  b). 

(7)  Xanlhln  is  of  extremely  rare  oeci 
crystals  are  said  to  be  similar  to  "  whetstone  "  orysl 
of  uric  acid,  but  are  soluble  in  ammonia,  in  wi 
hydrochloric  acid,  and  in  nitric  acid, 

(8)  Tyrosin  is  generally  found  associated  wil 
leucin,  but  occurs  independently  also.  It  fo! 
ouloiirless  sheaves  of  tine  needle-like  crystHli 
similar  appearance  may  be  presentt'd  by  several  oti 
depoeita)  therefore^  if  there  be  any  doubt  as  to 
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nature  of  the  sediment,  a  chemical  analysis  may  be 

necessary  (Fig.  96,  a), 

(9)  Leucin  occurs  in  urine  as  yellow  spherical 

masses  without  obvious  crystalline  structure.    Leucin 

and  tyrosin  occur  together  in  acute  yellow  atrophy  of 

the  liver  (Fig.  96,  c). 

In  alkaline  urine  the  following  occur  : — 

(1)  Phosphates. — These  may  either  be  salts  of 


Fig.  98.- -Triple  phosphates.    (4/ter  Fin2a]/«on.) 

phosphoric  acid  and  calcium,  or  of  phosphoric  acid 
with  ammonium  and  magnesium. 

(a)  Phosphate  of  lime  is  found  either  in  an  amor- 
phous or  a  crystalline  form,  the  latter  being  also 
known  as  stellar  phosphate  (Fig.  97). 

Amorphous  phosphate  of  lime  occurs  in  small 
white  granules,  as  a  deposit  at  the  bottom  of  alkaline 
urine.  To  the  naked  eye  the  sediment  is  white  and 
flocculent ;  unlike  urates,  it  has  no  affinity  for  urinary 
pigment.     The  deposit  is  increased  on  heating. 

Stellar  phosphates  are  rather  uncommon.  They 
consist  of  colourless  prismatic  crystals,  which  occur 
either  singly  or  more  often  in  radiating  clusters.  They 
are  found  in  very  faintly  acid  as  well  as  in  neutral 
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and  alkuline  urine.     Boberts  ia  incluied  to  rf^rd 
the   presence   of   this   deposit  in    abundance  aa  an 
;eorapttniment  of  some  grave  disorder, 

(6)  Ammonium  magnesium,  or  "  triple  "  plios- 
<liate<  is  deposited  in  ammoniacal  etaten  of  the 
To  the  naked  eye  the  sediment  appears  very 
white,  and  wiien  tho 
cryBtals  are  large  they 
mH.y  be  visible  as  bright 
poiiitH.  Sometimen  the 
deposit  also  clings  to  the 
sides  of  the  gloss  and 
forms  a  film  on  the  sur- 
face of  the  urine. 

The  crystals  are  in- 
complete, triangular, 
coloarlesa  prisms,  which 
may  offer  considerable 
variations  in  appuuvinoe, 
according  to  their  length 
Fiu.(iu--D..p™itiii8ikaiii>ct6ri™niii.  f^^  degree  of  perfection, 
tinii  i>f  nriiiii,  showing  nrata  of  Often  tlicy  are  doBcribed 

taKWriu m  ureJt'^   pUo«i,hi.t*»,  sud  jjg  iifcj£fe-rest"  or  "coffin- 

'  lid  "  crystals.     If  the  ani- 

^nioiiiacal  change  is  well  marked,  and  still  more  if  ex- 
Aess  of  ammonia  is  added  to  healthy  urine,  the  deposit 
takes  ^  form  of  feathery  stars,  and  is  then  known 
as  a  precipitate  of  "  feathery  "  phosphates  (Fig.  98). 

It  is  difficult  to  preserve  these  crystals  perma- 
nently, but  tliey  keep  fairly  well  in  a  solution  of 
ammonium  chloride. 

(2)  Urate  ol  ammonin  occurs  in  alkaline 
urine,  and  is  very  commonly  present  in  cases  of 
cystitis.  Microscopically,  it  occurs  in  small  sphericai 
masses,  which  are  practically  indistingubhable  in 
many  instances  from  those  of  urate  of  soda,  except 
that  they  are  generally  darker  and  more  opaque,  aniL|,| 
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tinlike  the  soda  salt,  are  associated  with  oryetala  oi 
triple  phosphate.  The  spheres  may  have  smooth 
surfaces,  or  they  may  be  beset  with  innumerable 
spiny  processes  (Fig.  99). 

(3)  Carbonates  generally  occur  in  human  urine 


aa  granular  particles,  which  diaaolve  in  acetic  add 
vrith  evolution  of  COj.  As  phosphates  give  off  no 
gas  on  solution  in  acetic  acid,  it  is  quite  easy  to 
distinguish  between  them.  On  rare  occasions  in 
human  urine,  ami  commonly  in  horses'  urine,  car- 
bonate of  lime  appears  in  tiie  form  of  dumb-bells  or 
of  spheres  with  a  radiating  crystalline  structure. 

(4)  Cliolcslerin  has  occasionally  been  found  in 
the  urine ;  it  occurs  in  characteristic  thin,  rhom- 
boidal,  colourless  plates,  with  a  notch  at  one  of  tba 
comers  {tea  Fig.  145,  p,  556). 


Other  Bediujcnts,  eucfa  aa  indigo,  lime  and 
□eaia  soap  crystals,  and  hiEinaUiidin  have 
observed,  but  are  of  little  iiaportance. 
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2.— ^Organised  deposits. 

{1)  Red  blood  corpuscles  are  present  io 
cases  of  hKmataria,  but  under  certain  conditions  are 
rapidly  disintegrated,  and  should  therefore  be  ex- 
amined for  in  recently  voided  uiine.      According  to 


nuts.    (_Aflrr  RoberU.) 


the  density  of  the  urine  they  appear  fairly  normal, 
or  swollen,  or  shrunken  and  crenated. 

(2)  Leucocytes  nnd  pus  corpuscles  occur 
where  there  is  irritation  and  supgiuration  of  the 
urinary  tract.  According  to  the  length  of  time 
which  has  elapsed,  the  cells  may  be  indistinguishable 
from  ordinary  leucocytes,  or  they  may  be  very 
granular  and  fatty.  The  addition  of  acetic  acid  clears 
up  the  cell  body  and  brings  two  or  three  nuclei 
into  riew.     Where  pus  is  present,  exnAUvci^  ta.wS.'sJ^-j 


I  for 


^^■^  Wood  should  be  carefully  examined  for  the  presenoe 
of  fHarice,  particularly  if  the  patient  cornea  from  k 
district  where  thoae  parasites  exist. 

In  lipuria,  the  fat  may  occur  in  larger  gtobulei 
which  refract  light  stronj^ly,  nnd  which  are  auinetimes 
free  in  the  fluid,  at  other  times  enclosed  i 
tnlie  casta. 

It  must  not  be  forgotten  that  fatty  ii 
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reach  the  urine  nninteutionally  from  an  oiled  catheter, 
or  may  be  added  pnrposelj  in  the  form  of  milk  by 
a  patient  who  wiahes  to  deceive  the  physician. 

(4)  Epllbelimn  from  varioas  parta  of  the 
urinary  tract  may  be  found  in  tile  arise.  The  follow- 
ing varieties  are  readily  recc^inised : — 

ifi)  Benal  epithelwtm.  This  is  polygonal,  nocleated 


fit.  lOi.— H^Uu 


(Afltr  Sobcrli.) 


and  rather  larger  than  a  leucocyte.  It  may  present 
fatty  degeneration,  or  be  more  or  less  disintegrated 
(Eg.  100). 

(6)  Epitkeliwn  from  the  bladder  and  urinary 
passages  presents  various  appearances,  according  to 
whether  it  is  derived  from  the  more  superlicial  or 
deeper  layers.  Formerly,  tailed  cells  were  thought  to 
indicate  implication  of .  the  pelvis  of  the  kidney ; 
this  is,  however,  inaccurate.     They  may  eqoallj  t(%^L 
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proceed  from  the  deeper  lnyera  of  the  bindder  e[ntli»- 
lium,  as  may  be  seen  from  the  accompanying  diagnun 
(Fig.  101). 

(c)  Vaginal  epit/t^l.iuTn  is  very  commonly  present 
in  the  urine  of  women.  It  is  squamous,  and  the  large 
cells  ap|>ear  sometimes  singly,  at  other  timesin  gronps. 

(5)  Sperntatoxoa  occur  at  times  in  the  urine, 
where  their  cbaracteriatic  appearance  makes  it  eaay 
to  recognise  them. 

(6)  Prostatic  threads  are  found  when  there  is 
chronic  inflammation  of  the  prostate,  especially  after 
gonorrhcea.  They  consist  of  mucus,  and  are  mostly 
voided  with  the  first  poftions  of  the  urine.  They  are 
much  lai^er  than  tube  casts,  being  visible  readily 
enough  to  the  naked  eye  as  they  float  in  the  urine  or 
on  ite  surface. 

(7)  Tube  casts  (Figs.  102,  103,  104).— The 
following  classification,    whicli    is   more   satisfactory 

in  those  usually  adopted,  is  given  by  Prof,  Senator, 

Berlin.* 

There  are  three  main  groups  of  tube  casts : — 

i.  Casts  wholly  or  mostly  composed  of  cellular 
Irtructures. 

it  Granular  casta. 

iii.  Amorphous  casts,  having  a  homogeneous  stmo- 
ture,  and  occasionally  striated  on  the  surface. 

Group  i.  Cellular. — The  cells  may  be  epithelial 
or  composed  of  red  blood  corpuscles  or  leucocytes, 

(a)  Epithelial  The  casts  may  be  completely 
covered  with  epithelial  cells,  as  though  the  whole 
epithelium  had  scaled  off  a  tubule,  or  the  cells  may 
have  been  separately  detached  and  subsequently 
moulded.  The  cells  may  or  may  not  show  a  nucleus, 
and  they  may  appear  fresh,  or  aSected  by  granular  or 
fatty  degeneration. 

NothuagBl' 
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(6)  The  red  blood  corpuscle  casts  exhibit  a  surface 
thickly  covered  with  the  minute  round  corpuscles. 

(c)  Leucocytes  rarely  form  casts  by  themselves, 
but  are  pretty  often  found  adhering  to  the  surface  of 
other  casts. 

Group  (ii,)  Granular. — The  granules  are  some- 
times coarse,  at  other  times  fine.  They  are  sometimes 
fatty,  at  other  times  they  result  from  granular  degen- 
eration of  protoplasm.  They  represent  in  some  in- 
stances the  relics  of  broken-down  epithelium,  in  other 
cases  they  result  from  a  granular  change  occurring  in 
old  amorphous  tube  casts. 

Group  iii.  Amorphous* — This  group  contains 
two  varieties  the  hyaline  and  the  waxy. 

(a)  Hyaline  tube  casts  are  pale,  transparent,  and 
homogeneous.  Occasionally  the  surface  is  striated. 
They  may  be  almost  invisible,  but  are  rendered  more 
prominent  by  the  addition  of  iodine  solution.  Their 
origin  has  been  variously  accounted  for.  Senator 
believes  that  in  the  vast  majority  of  cases  they 
are  derived  from  epithelium  which  has  undergone 
hyaline  degeneration,  or  has  yielded  a  secretion  that 
is  coagulable. 

(6)  Waxy  casts  are  broader  and  more  highly  re- 
fractile  than  hyaline.  Often  they  are  more  or  less 
fissured.  Possibly  they  may  be  formed  from  other 
casts  which  have  remained  long  in  the  urinary  tu- 
bules ;  they  are  not  sjrmptomatic  of  waxy  disease  of 
the  kidney.  Sometimes  they  give  the  amyloid  reaction 
with  iodine  and  sulphuric  acid,  and  with  methyl  violet. 

Transition  forms  between  the  various  groups  are 
not  uncommon ;  often,  for  instance,  a  cast  is  partly 
epithelial  and  partly  hyaline. 

A  tube  cast  frequently  picks  up  adventitious 
elements  from  the  urine,  and  thus  comes  to  contain 
bacteria,  or  crystals  such  as  oxalate  of  lime. 

In  length,  tube  casts  are  very  variable^ ,  oQGaavs£\aS!^ 
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they  approach  a  millimotre  in  length.  One  end  niay 
be  spirally  twisted  or  in  rare  cases  bifurcated.  Form- 
erly tube  casta  were  called  "  fibrin  cylindRra,"  but  now 
it  is  proved  that  fibrin  rarely  or  never  enters  into 
their  composition,  the  only  exception  being  that  in 
the  case  of  red  blood  corpuscle  casts  the  blood  diace 
may  be  bound  together  by  a  little  fibrin. 

Structures  called  cylindro ids  have  been  described 
by  Thomas  and  othera.  They  resemble  extremely  long 
and  narrow  tube  oasts,  but  are  iiBually  considerably 
flattened.  Very  varying  eatimabsa  have  been  formed 
of  their  significance,  some  observers  regarding  their 
prcReiiGC  OS  quite  immateritil,  others  looking  on  them 
with  considerable  suspicion  a^  being  nearly  related, 
both  in  origin  and  clinical  import,  to  tube  caats. 
Senator  inclines  to  the  latt«r  view. 

Not  to  be  confounded  either  with  tube  casta  or 
cylindroids  are  the  small  strings  of  mucus  which 
occasionally  are  present  in  a  urinary  sediment.  Small 
clumps  of  micrococci  and  short  so^ailled  "proatatio 
threads"  are  also  liable  to  be  misinterpreted  by  an 
inexperienced  observer.  When  there  is  reasonable 
cause  for  doubt,  the  addition  of  acetic  acid  or  some 
other  reagent  will  often  make  the  diacrimuiation 
perfectly  simple. 

frequently  difficult  to  preserre  Inhc  CRStft 
permanently  for  microscopic  examinntion.     The  two 
ithoda  which  the  vn-itera  have  found  most  serviceable 
are  these : — 

{a)  Collect  some  of  the  sediment  containing  the 
its,  wash  rapidly  in  water,  and  drop  into  a  conical 
"tflasB  containing  picrocarmine  stain.      When  the  sedi- 
ment has  collected  at  the  foot  of  the  glass,  which  will 
have  occurred  in  twelve  hours  or  so,  wash  the  deposit 
and  drop  it  into  a  small  quantity 
of  Farrnnt'a  meiliiini  in  a  conical  glass.    It  will  gradu- 
and  after  a  day  or  two  a 
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be  removed  from  the  foot  of  the  fluid,  and  be  perman- 
ently mounted  in  some  of  the  fluid  from  which  they 
have  been  withdrawn. 

ip)  Harris  proposes  the  following  method  :  Let 
urine  stand  for  twelve  hours,  then  remove  deposit, 
and  place  in  a  pipette  whose  upper  end  is  closed 
by  a  rubber  stopper.  The  pipette  should  contain 
the  following  presei'vative  fluid: — 

Pot.  acetate  ...         ...         ...  60  grms. 

Chloroform ...         ...  10  cc. 

Distilled  water      ...         ...         ...     1,000  cc. 

When  the  sediment  has  sunk  through  the  fluid 
it  may  be  transferred  to  a  slide  along  with  a  drop 
of  the  preservative,  and  permanently  sealed  there. 
Specimens  keep  fairly  well. 

The  use  of  a  centrifuge  is  of  great  value  for  secur- 
ing tube  casts  in  perfectly  fresh  urine,  and  for 
washing  them  rapidly  in  water  prior  to  preserving  them. 

(8)  Tumours  of  the  bladder,  especially  when  villous, 
may  often  be  detected  by  the  presence  of  frag^ments 
of  the  growth  in  the  urine.  These  show  a  core  of 
connective  tissue  with  its  blood-vessels,  coated  with 
several  layers  of  nucleated  epithelial  cells.  In  can- 
cerous tumours,  though  their  ddbris  is  commonly 
enough  present,  yet  nothing  at  all  so  characteristic 
is  to  be  seen  as  is  found  in  the  papillomata. 

(9)  Elastic  fibres  are  often  present  in  cases  of 
ulceration  of  the  bladder.  They  may  be  detected 
either  without  special  treatment,  or  after  the  use  of 
caustic  soda,  as  was  described  in  Chapter  VI.,  after  a 
preliminary  filtration  of  the  yet  acid  urine  to  remove 
the  phosphates,  which  would  otherwise  be  precipitated 
copiously  when  an  alkali  was  added. 

The  parasites  that  infest  the  urinary  tract  are 

in  temperate  climates  neither  numerous  nor  common. 

Senator*  <»numerates  the  following : — Echinococcua^ 

*  Loc.  ciLf  p.  420  et  aeq. 
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istrongylns  gigas,  distoma  (oi 
l)  hffimatobium,  Gtaria  Bangitiuis  honuDis, 
neplirophagea  sangainariua  (a  laeniber  of  tbe  artho- 
poda  related  to  the  acari),  rhabditie  {sp.  T),  and  certain 
paoroapevma.  Several  of  thesa  are  of  such  estreme 
rarity  as  to  be  of  no  practical  importance ;  echino* 
O0CCU3,  cysticercus,  and  filaria  having  been  described 


needs  to  be 


.by 


•■  diatoma  hieinatobiuni  i 
referred  to  in  this  chapter. 

D.  JKematolnum.  The  ova  meo 
0-04,  A  apine  projects  at  one  pole  or  at  a  little  din 
tance  from  it.  In  urine  the  spine  is  usually  situated  at 
the  pole ;  the  form  with  a  lateral  spine  predoniinntea 
in  ova  obtained  from  the  rectum  (Fig.  105). 

Tbe  adult  male  Bilharzia  is  thicker  and  aliorter 
than  the  female,  and  is  provided  on  the  ventral  a 
face  with  a  gyniephoric  canal.  The  female  ia  cylin- 
drical and  wormlike.  The  male  meaaures  12  mm. 
the  female  about  16  mm.,  in  length.  Their  habitat  ii 
in  the  blood-vessels  of  the  portal  system  and  in  th< 
•Pp.  100  and  218. 
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vehous  plexuses  of  the  bladder  and  rectum.  The  ova 
escape  from  the  blood-vessels  into  the  tissues  of  the 
body.  Those  which  reach  the  rectum  and  bladder  are 
discharged,  and  enable  a  diagnosis  to  be  made.  The  para- 
site is  very  common  in  Egypt,  where  nearly  a  fourth  part 
of  the  native  population  are  supposed  to  suffer  from  it. 

After  the  urine  has  been  voided  for  some  time,  it 
becomes  contaminated  by  numerous  non-pathogenic 
fungi  and  infusoria;  but  several  pathogenic  bacteria 
occur  in  the  urinary  tract,  and  in  cases  of  doubt 
should  always  be  sought  for.  The  chief  of  these  are 
the  gonococcus,  the  tubercle  bacillus,  which  must  not 
be  mistaken  for  the  morphologically  similar  smegma 
bacillus,  and  the  bacillus  coli  communis.  "^ 

In  cases  of  cystitis  a  great  variety  of  bacteria  may 
occur.  Actinomyces,  though  rarely  present  in  the 
kidney,  has  been  found  there. 

Foreig^n  bodies  often  occur  in  urine  which  has 
been  set  aside  for  examination.  Besides  hairs, 
feathers,  moth-wing  scales,  cotton,  woollen,  and  silk 
fibres,  starch  grains  derived  from  dusting  powders — 
and  readily  recognised  by  their  turning  blue  on  the 
addition  of  a  little  dilute  tincture  of  iodine — and, 
more  confusing  than  any  of .  these,  pinewood  dust 
swept  from  the  floor — one  occasionally  finds  fragments 
of  the  contents  of  dermoid  tumours  or  abscesses  that 
have  opened  into  the  bladder  or  ureter.  Small  shreds 
of  striped  muscle  may  in  rare  instances  be  voided  with 
the  urine,  and  are  derived,  in  some  cases  at  least,  from 
a  sloughing  psoas  abscess. 

It  may  happen  also  that  the  patient  has  been  sick, 
and  sputum  or  vomited  matter  may  be  more  or  less 
abundantly  mixed  with  the  urine.  If  these  sources 
of  contamination  are  forgotten,  there  is  a  risk  of  very 
erroneous  interpretations  being  given  of  not  a  few 
urinary  deposits. 

*  For  further  informfttioii  «m  Chaptw  XIY.,  pp.  515  vcA^'^'k. 
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^^^'PoB  the  eKAminatioD  of  the  skin  and  i 
^^     the  patient  should  be  stripped  as  completely  as  t,., 
cumBtances  permit  and  placed  in  a  good  light. 

One  should  first  note  the  rolonr  of  the  akiTi  as  a 
whole.  In  amemia  the  skia  ib  pale ;  in  chlorosis  it 
has  a  greenish  tint;  tn  pemidoux  antemia  it  is  lemon 
yellow.  In  order  to  distinguish  the  yellowness  of  per- 
nicious ancemia  from  jaundice,  look  at  the  conjunctiva. 
The  best  way  to  do  that  m  to  place  one  hand  on  the 
jjatient's  forehead,  auk  him  to  look  at  the  ground,  and 
then  raise  the  upper  eyelid  with  the  thumb.  In  jann- 
dice  the  conjunctiva  is  seen  to  be  yellow  where  it 
covers  the  sclerotic ;  in  ansemia  it  is  white.  In  jiidg' 
ing  of  the  degree  of  anemia,  one  should  be  gnided 
more  by  the  colour  of  the  mucous  membranea  than  by 
that  of  the  skin  itself.  The  conjunctivn  lining  the 
lower  eyelid  is  most  usually  taken  as  an  index.  It  is 
easily  seen  by  getting  the  patient  to  look  up  while  one 
depresses  the  lower  lid  with  one  finger.  Instead  of 
being  pale,  the  skin  may  be  abnormally  red  or 
limhed.  The  flushing  may  be  general  or  local.  Its 
exact  extent  should  always  be  noted,  and  whether 
or  not  it  fades  on  pressure.  The  best  way  of  telling 
whether  any  redness  of  the  skin  fades  on  pressure  or 
not  is  to  place  a  lens  on  the  akin  and  press  it  down. 
It  will  then  be  seen  whether  or  not  the  skin  liecomes 
pale  under  the  lens. 

The  term  lache  cerebrate  is  applied  to  the 
red  flush  which  appears  in  some  oaaea  of  intracrani*! 
disease  when  the  akin  is  stimulated.  To  elicit  its 
presence,  dr&w  the  linger  nail  firmly  across  the  {ntuatthi  • 
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forehead.  A  red  line  soon  develops  along  the  track 
of  the  nail,  and  persistB  for  some  time.  It  ia  due  to 
a  disordered  vasomotor  supply,  but  is  found  in  other 
conditions  besides  those  of  cerebral  irritation^  and 
is  therefore  not  of  much  diagnostic  value; 

Taches  bleuatres  ure  steel-blue  spots,  which 
may  occur  in  large  numbers,  usuail  j  on  the  trunk  and 
thighs.  They  are  deeply  placed  in  the  skin,  irregular 
in  outline,  and  without  diagnostic  significance.  They 
are  probably  always  associated  with  the  presence  di 
pediculL 

Rarer  alterations  in  colour  of  the  skin  are  those 
due  to  the  taking  of  nitrate  of  silver  and  those  which 
occur  in  Addison's  disease.  The  former  constitutes 
what  is  known  as  cvrgyria.  It  consists  in  a  leaden 
grey  hue  of  the  whole  skin,  which  is  unaffected  by 
pressure.  The  pigmentation  of  Addison's  disease 
consists  in  a  bronzing,  which  appears  first  on  parts 
in  contact  with  the  air,  and  next  on  those  which  are 
exposed  to  pressure.  It  is  made  up  of  small  brownish 
spots,  which  fade  off  at  their  margins  into  healthy 
skin.  The  lips  and  buccal  mucous  membrane  should 
always  be  examined  in  cases  of  supposed  bronzing.  In 
Addison's  disease  they  often  exhibit  marks  of  pigmen- 
tation of  a  dark  blmsh-black  colour,  which  have  been 
compared  to  the  stains  produced  by  sucking  a  pen. 
Diffuse  pigmentation  of  the  skin  is  also  a  common 
occurrence  in  pregnancy  (chloasma),  and  in  many 
cases  of  pulmonary  tuberculosis,  and  also  after  the 
prolonged  administration  of  arsenic. 

Having  noted  any  alteration  in  the  colour  of  the 
skin,  one  should  look  for  the  presence  of  any  erup- 
tion«  If  any  such  be  observed,  the  patient  should  be 
questioned  about  it  on  the  lines  laid  down  on  p.  10. 
The  exact  situation  and  extent  of  the  eruption  should 
be  noted,  and  whether  it  is  symmetrical  or  confined 
\o  one  side  only.     These  general  facts  having  be^\\. 
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noted,  one  should  pass  to  a  description  of  the 
characters  of  the  eruption.  In  order  to  do  this,  it 
must  bo  borne  in  mind  that  every  cutuneous  eruptiou 
consista  of  a  "  primarr  lesion,"  to  which  secondary 
lesions  may  or  may  not  be  superadded.  The  follow, 
ing  is  a  description  of  the  different  primary  le»ionit 
which  may  be  met  with  : — 

1.  macules  or  spots. — Any  abnormal  change  in 
the  colour  of  the  skin  confined  to  a  limited  are& 
Always  note  whether  or  not  they  fade  on  pressure. 
The  spots  of  typhoid  fever,  for  example,  fade  on 
pressure,  whilst  those  due  to  haemorrhages  into  the 
skin,  as  in  the  bites  of  flcus,  do  not. 

2.  Papnies. — Solid  projections  aljove  the  surface, 
which  are  not  larger  than  a  pea.  The  term  lubervle 
is  applied  to  any  solid  projection  from  the  skin  which 
is  larger  than  a  pea,  hut  not  larger  than  a  cherry. 
Anything  larger  than  that  is  caUud  a  tumour. 
Always  note  whether  the  top  of  a  papule  ia  rounded, 
Hfl  in  some  forms  of  eczema,  pointed  as  in  aone, 
orflattened  as  inlichen.  As  regards  the  base,  observe 
whether  it  infiltiutca  the  akin  widely  or  not  The 
wider  the  infiltration  the  more  extensive  and  severe 
the  inflammation. 

3.  Vest clfs.— Elevations  of  the  horny  layer  of 
the  epidermis  by  tianspareiit  or  milky  Huid  which  are 
not  larger  than  a  pea.  If  larger  than  that  they 
should  he  described  as  bullie  or  blebs.  Always 
note  whether  or  not  there  ia  an  area  of  redness  around 
the  base  of  a  vesicle,  for  such  redness  indicates  that 
the  vesicle  is  planted  upon  an  inflamed  base,  a  fact 
which  may  be  of  diagnostic  value. 

4.  Pustules. —Small  elevations  of  the  skin  con. 
taining  pus.  Always  observe  whether  there  is  much 
jntiltration  around  them  or  not, 

5.  Wlion Is.— Slightly  elevated  portions  of  akin, 
oaotre  of  which  is  paler  than  the  periphery. 
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Having  stated  which  of  these  primaiy  lesions  it  is 
that  composes  the  eruption,  one  should  next  note 
whether  the  lesions  are  isolated  (discrete),  or  whether 
they  run  together.  It  must  also  be  remembered  that 
an  eruption  may  be  made  up  of  more  than  one  kind 
of  primary  lesion.  Thus  papules  may  be  mingled 
with  pustules,  or  pustules  with  vesicles,  and  so  on. 

Next  look  for  secondary  lesions.  These  are 
either  produced  mechanically  or  are  the  result  of 
changes  which  take  place  in  the  primary  lesion 
in  the  course  of  its  gi'owth  or  decline.  The  com- 
monest secondary  lesions  of  mechanical  production 
are  excoriations  due  to  scratching  and  fissures 
(rhagades) — deep  cracks  going  down  to  or  through 
the  corium,  and  produced  by  the  stretching  of  the 
skin  after  it  has  become  inelastic  owing  to  infiltra- 
tion.    Fissures  are  often  very  painful. 

The  following  are  the  aeconda/ry  lesions  produced 
by  changes  in  those  which  are  primary : — 

1.  Desquamation. — If  the  primary  lesion  be 
a  dry  one  (macules  or  papules),  a  mere  scaling  off  of 
epidermic  cells  occurs,  and  the  eruption  is  then  said 
to  be  "  scaly" 

In  moist  lesions  (vesicles,  pustules,  bullae)  the 
epidermic  cells  become  glued  together  by  the  dried 
fluid,  and  a  scab  or  crtCst  forms.  The  scab  may  be 
serous,  purulent,  hsemorrhagic,  or  sebaceous,  accord- 
ing to  the  nature  of  the  contents  of  the  primary 
lesion. 

2.  Infiltration  may  occur  around  the  primary 
lesions,  leading  to  the  production  of  a  leathery  feeling 
in  the  skin.  This  is  usually  the  result  of  prolonged 
chronic  inflammation. 

3.  Pis^mentation  may  occur  around  the  prim- 
ary lesionis.  This  is  also  usually  due  to  prolonged 
inflammation. 

4.  Ulceration.— Due  to  breaking  do^n  ^1  '^^ 
z 


piitaarj  iaatxaand  Aetlmctiaa  of  k  put  of  the  t 
skin. 

Tbe  points  to  note  in  describing  an  ulcer  are  (1 
the  nature  of  the  floor  of  the  nicer  and  the  ; 
Utione  covering  it;  (2)  the  character  of  the  ( 
emooth,  raised,  ondermined,  etc.  ;  (3)  tbe  discbarg 
— it  it  Bcrous,  purnlent,  watery,  fetid,  etc  1  (4)  t" 
cbaract«r  of  the  sarroanding  skin,  whether  indurated 
[ngmented,  eta 

5.  tienr  formatiaii.— Thia    only  occnis   irhi 
the  troe  skin  bos  been  involved,  t.s.  where  there  t 
been  an  ulcer.     Deaoribe  the  scar,  noting  especially 
whether  it  be  thin  or  thick,  freely  movable  or  ac 
herent  to  the  deeper  tissues,  pale  or  livid,  pitted  o 
not,  surroQnded  by  a  zone  of  pi^entation  or  not. 

Proceed  now  to  tbe  pnlpation  of  the  skin.  Fa 
the  hand  gently  over  it,  pinching  it  tip  betwei 
the  foreficger  and  thumb,  and  note  the  Eollowinj 
pointa  : — 

Is  it  smooth  or  rough,  thin  or  thick,  dry  o 
moist  1  If  there  be  any  visible  sweating,  not 
whether  it  is  general  or  local ;  whether  it  is  attenda 
or  not  by  any  flushing  of  the  skin  ;  and  whether  t' 
sweat  has  any  particular  odour. 

The  elasticltr  of  the  akin  should  be  investigated 
If  a  fold  of  healthy  skin  ia  pinched  np  it  immediatel 
flattens  itself  out  again  when  released.      Sometime^-. 
however,  it  only  does  bo  very  slowly,  remaining  forj 
a  considerable  time  in  a  creased    oondition.      ThutJ 
inilicatea  a  diminished  elasticity.     It  occurs 
frequently  in  debilitated  and  in  old  persons 
also   be   often  observed    in    babies   exhausted   fro 
diarrhiea,  and  ia  then  believed  to  indicate  interferon^ 
with  the  renal  functions. 

The    condition    of   the    subcutaneous  tlssn^ 
should  also  be  investigated.     It  may  be  intiltrntfl 
wi^    fluid    (oedema),    with    solid    material    {as 
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tnyx<Bdema),  or  with  air  (sabcutaneous  or  surgical 
emphysema).  The  presence  of  oedema  is  osaaliy 
recognised  by  the  fact  that  if  the  skin  be  pressed 
with  the  finger,  especially  over  a  hard  body  such 
as  a  bone,  a  pit  is  left  which  persists  for  some 
little  thne.  It  must  be  borne  in  mind,  however,  that 
this  is  not  an  invariable  guide.  In  some  cases  of 
oedema  no  pitting  can  be  produced.  This  is  specially 
apt  to  be  the  case  where  the  oedema  is  one  of  very 
long  standing.  The  best  place  to  look  for  slight 
degrees  of  oedema  in  ^^ardiac  disease  is  behind  the 
malleoli  of  the  tibia  and  fibula.  In  chronic  renal 
disease  oedema  can  often  be  earliest  detected  beneath 
the  conjunctiva.  This  subconjunctival  oedema  is  seen 
by  pushing  up  the  lower  lid  over  the  sclerotic.  A 
little  drop  of  fluid  resembling  a  tear  is  then  squeezed 
up  underneath  the  conjunctiva  over  the  sclerotic. 

Subcutaneous  emphysema  gives  rise  on 
palpation  to  a  crackling  sensation,  which  has  been 
compared  to  that  which  is  experienced  in  handling  a 
bag  of  feathers.  It  starts  in,  and  is  usually  confined 
to,  the  neighbourhood  of  the  air-passages  or  air-con- 
taining organs,  and  is  due  to  the  establishment  of  an 
abnormal  communication  between  such  a  passage  or 
organ  and  the  subcutaneous  tissue.  In  rare  cases  it 
may  be  of  bacterial  origin. 

IVIicroscopic  examination  of  the  skin  and 
its  appendages  is  confined  to  the  diagnosis  of  some 
parasitic  diseases,  of  which  the  following  are  the 
chief  (Fig.  106);— 

1.  Scabies  or  itch.— This  is  due  to  the  acarus 
scabiei.  The  female  acarus  is  larger  than  the  male, 
and  forms  burrows  in  the  skin,  in  which  the  eggs  are 
deposited.  These  burrows  should  be  looked  for 
between  the  fingers  and  on  the  inner  aspects  of  the 
wrists.  They  are  recognised  with  the  naked  eye 
as  little  short  dark  lines  terminating  in  a  sort  ^1 
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gLiiiing  spot  of  skin.  The  eggs  lie  in  the  dark  line ; 
the  insect  in  the  shining  spot.  It  may  he  picked  out 
by  means  of  a  flat  surgical  needle  passed  along  the 
black  line  to  the  clear  spot.  The  use  of  a  lens  aids 
the  operation,  which  is  by  no  means  invariably  suc- 
cessful, and  permits  of  the  recognition  of  the  insect. 
The  latter  may  be  placed  on  a  slide  under  the 
microscope  for  more  minute  inspection  (Fig.  106,  e), 

2.  Pediculosis.— Three  varieties  of  pediculus 
occur,  Pediculus  capitis  on  the  head,  P.  corporis 
on  the  trunk,  P.  pubis  on  the  pubic  and  axillary 
hairs.  The  eggs  or  "  nits  "  of  the  P.  capitis  are  stuck 
on  to  the  hairs  (Fig.  106,  6').  From  their  position  on 
the  hairs  one  can  judge  roughly  of  the  duration  of  the 
condition,  for  they  are  fixed  on  at  first  near  the  root 
of  the  hair,  and  are  then  carried  up  with  the  latter  in 
its  growth.  The  higher  up  the  nits  are,  therefore, 
the  longer  have  pediculi  been  present.  The  P.  corporis 
sliould  be  looked  for  in  the  seam<?  of  the  clothes, 
especially  where  the  latter  come  into  close  contact 
with  the  skin — e.g,  over  the  shoulders.  The  bites  of 
the  parasite  produce  hsemorrhagic  spots,  each  with  a 
dark  centre  and  a  paler  areola.  Marks  of  scratching 
should  always  be  looked  for  on  parts  accessible  to  the 
patient's  nails. 

The  microscopic  characters  of  the  pediculi  are 
shown  in  Fig.  106,  and  require  no  verbal  description. 
It  will  be  noticed  that  the  P.  corporis  is  the 
longest  and  narrowest  of  the  three,  the  P.  pubis  is 
shortest  and  broadest,  and  the  P.  capitis  is  between 
the  two  in  size,  The  P.  pubis  is  also  distinguished 
from  the  others  by  being  yellowish-brown  in  colour. 
P.  capitis  and  P.  corporis  are  both  grejdsh  in  colour, 
though  the  latter  vaiies  considerably  with  the  colour 
of  the  skin  of  its  host.  The  shape  of  the  thorax  and 
abdomen  forms  a  distinguishing  character  between 
P.  capitis  and  P.  corporis  (Fig.  106,  6,  c,  d^. 
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^^^nnd  oAen  fanu  shown  tlwt  two  ctistum  rhmrnn  <rf 
^^^pipuastea  are  capable  of  prodocing  the  a|^ettnu)oes 
^^™  wiiich  are  incladed  nnder  the  aame  "ringworm." 
One  of  theae  is  not  a  trichophTton.  It  goea  bj 
the  name  of  mieroaporon  Attdovini,  and  is  the  cause 
of  the  comiDODest  and  most  contagious  and  intract^ 
aiAa  form  of  the  disease.  Its  operatiooa  ai«  chiefiy 
confined  to  the  scalp,  but  90  per  cent,  of  all  cases 
of  ringworm  in  that  situation  are  doe  to  its  presence. 
ITie  other  paraeite  belongs  to  the  trichophyton 
tftmily,  bat  it  is  probable  that  there  are  several 
varieties  of  iL  It  is  the  commonest  producer  of 
ringworm  of  the  beard  and  skin  (tinea  circinRta),  but 
only  occors  in  about  10  per  cent  of  the  cases  of  ring- 
worm of  the  scalp.  It  snccumbs  mnch  more  readily 
under  treatment  than  does  the  microaporon.  The 
I  trichophyton   may    be   situated    mostly    outside  the 

^^H^bair  (ectothrix  form),  or  mainly  in  the  hair  substance 
^^^^^endollirix).  Intermediate  forms  are  ftlso  described. 
^^^Klt  is  characterised  microscopically  by  having  fairly 
^^^r  largo  spores,  which  are  arranged  in  chains,  and  the 
I  joints  of  its  mycelium  are  placed  at  regular  intervals. 

The  niicrosporon  has  small  spores,  which  are  scattered 
in'egularly,  and  the  joints  of  its  myceliom  are  at 
uneigual  intervals  (Fig.  107). 

A  useful  method  of  detecting  hairs  which  are 
alTected  by  ringwonn  consista  in  dabbing  over  the 
diseased  patch  with  a  piece  of  wool  soaked  in 
chloroform.  On  evaporation  of  the  latter,  the 
nifccted  hairs  are  whitened,  and  look  as  if  covered 
with  hoar-frost.  They  can  thus  readily  be  dia- 
tingiiished  from  healthy  hairs  of  the  same  size  by 
tho  aid  of  a  lens.  Hairs  affected  by  favna  are  not 
Himilai'ly  whitened  by  chloroform. 

MieroBcopic  examiiiation. — If  one  is  dealing  with 
J  jmtch  of  ringworm  of  the  akin,  it  it  sufficient  Ut 


scrape  off  Bome  of  the  scales  with  a  blnnt  penknife,  to 
place  them  in  a  drop  of  10  per  cent,  liquor  potaasse, 
and    oorer.      The   m^celiiun  of  the  fuDgus  will    be 


recognised    as    branching,    refractile    threads,    amid 
which  the  Bpores  are  scattered  in  groups  or  rows. 

If  a  hair  be  similarly  examined,  it  will  be  found 
to  be  hroken  up  and  full  of  spores  (Tig.  107,  c).  No 
mjcelium  can  be  seen.  For  diagnostic  purposes  in 
t,  brpken  haif  Bhool^  be  txiTOcteA.  tfj 
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brond-pointed  forceps,  traction  being  made  in  the  arf 
ai  growth  so  that  the  bulb  may  be  obtained  intact, 
It  Ehould  be  washed  in  ether,  soaked  for  Br  quarter  d{ 
an  hour  in  liquor  potassie,  a  drop  of  glycerine  thea 
run  under  the  cover  slip,  a,nd  the  edge  sealed  dovn 
with  melted  paraffin.  The  aporea  will  be  seen  in  th( 
substance  of  the  hair  and  in  its  sheath.  Fatty 
particlea  are  the  only  thing  likely  to  be  mista,ke[i  fiM 
them.  A  drop  of  ether  will  dissolve  fat  particles,  but 
leaves  the  Bpores  unaffected.  Liquor  potassce,  how> 
ever,  causes  the  spores  to  swell.  Its  use  should 
therefore  be  avoided  if  one  wishes  to  difitingiiiah  t' 
two  varieties  of  fungus.  For  that  purpose  staining  is 
of  great  help.     It  should  be  carried  out  as  follows  ; — 

(1)  Soak  the  hair  for  some  minutes  in  OKoniQ 
ether  to  bleach  it  and  to  remove  grease. 

(2)  Steep  for  ten  to  thirty  minutes  in  a  mixture 
of  10  parts  of  a  5  gier  cent,  alcoholic  solution  oi 
gentian  violet  and  30  of  aniline  water  (Appendix,  24), 

(3)  Dry  between  blotting  paper,  and  steep  f 
Gram's  solution  for  2  niiiiut«s.     This  fixes  the  atMin. 

(4)  Dry  again,  and  soak  for  10  minutes  in  pui 
aniline  to  which  enough  iodine  has  been  added  t 
give  it  a  distinctly  brown  colour.*  This  decoloriaei 
everything  except  the  fungus. 

(5)  Wash  in  pure  aniline  for  a  few  seconds,  th«i 
in  xylol,  and  mount  in  balsam. 

A  rlaniaon'a  method  of  differential  staining  is  brieUy 
as  follows  r — 

Place  the  hair  in  a  drop  of  liquor  potassK,  and 
cover.  After  20  minutes  run  in  some  16  per  cent. 
alcohol,  (This  hardens  the  hair.)  Remove  the  covet 
gla,ss,  wash  away  any  remaining  liquor  pota^tsie  will 

alcohol,  mop  up  the   latter,  and   dry  over 
Oame,     Stain  in  aniline  gentian  violet  for  half  a 
honr.     Place  in  Gram  for  3  minutes.     Decolorise  1 
*  JT' trie  Bcid  may  also  tie  lued  as  a  'IiwiiViriae^   . 
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SfliHne  oil  for  hnlf  an  liour.  When  the  fnngaa  is 
clearly  visible,  and  the  hair  no  longer  much  stained, 
remove  the  oil  witb  blotting  paper.  Add  b.  drop  of 
concentrated  alcoliolic  eosin,  wash  off  with  aniline  in 
a  minute,  waah  off  latter  with  xylol,  and  mount  in 
xylol  balsam. 

On  examination  with  the  high  power  the  two 
varieties  of  fiingua  can  be  differentiated  by  the 
characters  already  described.  It  should  be  noted 
that  the  difference  in  size  of  the  spores  of  the  two 
vaiieties  is  really  not  very  great,  after  nil.  The 
arrangement  of  the  spores  and  the  character  of  the 
mycelium  are  the  points  to  which  attention  should 
he  directed. 

4.  Fdvus. — This  disease,  which  is  chantcteiised 
to  the  naked  eye  by  the  production  of  yellow  cup- 
shaped  crusts  or  a&vliiXa^  is  caused  by  a  parasite 
named,  after  iis  discoverer,  the  Achorion  SchonleiniL 
The  hair  -and  accompanying  crust  may  be  examined 
in  hquor  potassw,  some  pi-essure  being  exerted  on  the 
cover  gloKS  in  order  to  fiatten  out  the  mass  of 
epidermic  scales  by  which  the  parasite  is  apt  to  be 
obscured.  The  hair  will  be  found  completely  filled 
with  mycelium,  and  the  medullary  canal  obliterated. 
The  joints  of  the  mycelium  are  branched,  and  often 
present  a  resemblance  in  shape  to  metacarpal  and 
metatarsal  boties.  The  spores  are  rather  large,  and 
arranged  in  rows  or  groups  (Fig-  107,  «,  i). 

5,  TiiieiL  versicoIor.^This  ia  produced  by  the 
microsporon  furfur.  A  scrajiing  should  be  examined 
ill  caustic  potash.  The  fungus  shows  a  retractile 
mycelium  which  interlaces  freely,  and  includes  bunches 
of  round  spores  in  its  meshes  (Fig.  107,/).  The 
sjmres  may  be  stained  with  satfratiin,  differentiated 
by  woak  acetic  acid,  and  the  mycelium  counterstained 
with  methylene  glue. 

"    Pemodev  rolliculoTom  l^^^g.  VG'i,  J^  is- 
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minute  acami  about  y^^  in.  in  length,  which  is  aonie- 
times  found  in  the  sebaoeous  oontents  of  oomedonea. 
It  has  a  disproportionately  large  abdomen  marked 
with  transverse  rings,  wluch  give  it  at  first  sight 
the  appearance  of  a  minute  worm.     It 


suctorial  proboscis  and  slyliform  jaws,  and  from  the 
thoracic  portion  of  the  body  four  pairs  of  stunted 
legs  project.  It  is  simply  a  parasite  living  in  sebaceous 
matter,  and  is  of  no  paUiological  importance. 


CHAPTER    IX. 
Nervous  Stbtxh. 
■TION  I.— ANATOMY  AND  PHYSIOLOGY 
OF  THE  NERVOUS  SYSTEM. 

UucH  recent  knowledge  regurding  the  structure 
1  mechanism  of  the  central  nervous  eymtem  is  still 
too  unsettled  to  admit  of  being  uaed  at  the  bedside ; 
but  if  the  student  wisheij  to  investigate  a,  case  of 
aervouB  disease  iatelligetitly  he  must  first  have  a 
clear  grasp  of  some  well-established  facts  in  the 
onutoiuy  and  physiology  of  the  brain  and  spinal  cord. 
A  few  paragrapLB  devoted  to  these  subjects  wOl 
therefore  not  be  out  of  place. 

1.  AnHtomr  and  physiology  of  (he  molor 

ind  sensory  pntlis. — The  reader  will  remember 

t  the  luotor  area  of  the  brain  is  situated  round  the 

■e  of  Rolando,  tlie  leg  contie  being  highest  up,  the 

a  centre  next  to  it,  aud  the  centres  for  the  face,  lips, 
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I  tongue  being  lowest.     Stated  more  exactly,  il 

BHy  be  said  that  the  movemeats  of  the  lower  Hnili 

B  [iresideii  over  by  the  upper  ends  of  the  aacendiiij 


intat  andusceuding  purietal  and  the  posterior  end 
r  the  marginal  convolution  ;  the  movements  of  the 


^^oni 


op[>er  limb  by  the    middle    third  of   the    ascending 

frontal  convolution,  the  posterior  end  of  thi'  superiM 

\tal,    the  middle  third  of   the  ascending  J     '      ' 
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(for  the  hand  and  wrist),  and  part  of  the  marginal 
convolution  lying  posteriorly  to  the  part  which  supplies 
the  head.      The  head,  neck,  and  face  are  supplied  by 


rig.  HI.— MesiAl  atpect  of  Left  Hemisphere,  ihowing  Ametloiial  areas. 

the  lower  part  of  the  ascending  frontal  and  by  the 
posterior  extremities  of  the  middle  and  inferior 
frontal  convolutions ;  also  by  a  small  part  of  the 
anterior  extremity  of  the  marginal  convolution.  The 
trunk  muscles  lire  supplied  by  that  part  of  the 
marginal  convolution  which  lies  between  the  centres 
of  supply  for  the  leg  and  arm  (Fig&  108,  109,  110, 
111). 

The  motor  fibres  start  from  the  pyramidal  cells 
in  the  above  convolutions  and  pass  in  the  white  matter 
of  the  hemispheres  to  the  internal  capsule  {i.e,  the 
knee-shaped  band  of  white  matter  which  is  bounded 
on  its  outer  side  by  the  lenticular  nucleus,  and  on  its 
in  aer  side  by  the  optic  thalamus  and  caudate  nucleus). 
TliC  motor  fibres  occupy  the  anterior  two-thirds  of  the 
posterior  limb  of  the  internal  capsule,  the  fibres  for  the 
face  being  farthest  forward,  those  for  the  leg  farthest 
back,  the  fibres  for  the  arm  being  between  (Fig.  112). 
It  18  in  the  internal  capsule  that  hasEQOTx\\aj^  \s^^3isX 
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{requentljr  occui's,  and  owing  to  the  close  sppraKuna- 
taon  of  all  the  fibres  at  this  point  a  comparatively 
srD&lI  lesion  is  able  to  produce  a  nidCBpread  rpsult. 
From  the  internal  cupsule  the  motor  fibres  descend  to 
the  crus  oerebti,  occupying  the  middle  third  of  its 
r  aspect.       As  they  descend  in 


)  for  the  leg  are  to  the  outer  side,  the  fibres 
I  ^)i-  the  face  are  nearest  the  middle  line,  and  tliose  for 
1  are  between  the  two.  Entering  the  pons,  the 
lire  no  longer  quite  on  the  surface,  but  are 
*  covered  by  a  layer  of  tranBversely- placed  fibres.  In 
tlie  upper  part  of  the  medulla  they  form  a  well-marked 
bundle,  tlie  anterior  |)yrariud  lying  quite  on  the  surface. 
At  the  lower  part  of  the  mi'dulla  the  greater  number 
«/  Hbe  £br6B  croea  to  the  opposite  side,  form.' 
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"  deeiumlion  of  the  pyramids,"  and 

D  dowu  in  the  crossed  pyminidal  tra^t  of  the  cord 
to  end  at  diiferent  levels  in  the  grey  matter  of  the 
anterior  cornu  (Fig.  113).  The  motor  irapulsea  are 
here  transferred  to  the  cella  of  the  anterior  coma  and 
conveyed  by  their  £bres 
to  the  anterior  roots,  and 
thence  to  the  motor  nerves 
and  musclea.  The  small 
number  of  fibres  which 
do  not  decussate  in  the 
meduUa  are  continued 
down  in  the  anterior  or 
direct  pyramidal  tract-, 
and  end  in  the  anterior 
coi'nu  of  grey  matter. 
Some  of  them  also  de- 
scend in  the  crossed 
pyramidal  tract  of  the 
same  side. 

It  must  also  be  re- 
membered that  a  small 
number  of  motor  fibres 
do  not  decussate  at  all, 
but  end  in  the  anteiior 
coniu  of  the  same  side. 
This,  perhaps,  explains 
the  fact  that  after  a  unilateral  central  lesion  the 
knee  jerk  on  the  same  side  may  be  exaggerated  as 
well  aa  that  of  the  opposite  leg. 

In  thus  tracing  the  course  of  a  motor  impulse,  we 
have  s]Kiken  of  nerve  cells  and  nerve  fibres.  It 
would  be  better,  however,  to  discard  these  names  in 
favour  of  the  more  recent  terminology,  which  describes 
a  nerve  cell,  ita  dendritic  processes,  and  the  fibre  con- 
nected with  it  (axis  cy  linder  process)  asa  "  neuroa." 
XhuB^  anatomically,  tiio  motor  impulses  are  conveyed 
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by  tupana  of  two 
One  of  these  is  the  pyni- 
miiJal  wiW  in  the  cerebral 
cortex  aud  the  motor  fibre 
arising  from  it  (i.e.  its  axis 
cylinder  process)  and  end- 
ing in  the  anterior  comu. 
The  other  ia  the  anterior 
cornual  cell,  and  the  tibre 
sriBing  from  it  aiid  ending 
in  the  muscle.  There  ia 
apparently  no  direct  xnft- 
tomical  continuity  betwei-n 
these  two  neurons,  but  the 
nerve  impnlae  ia  alile  to 
pasa  from  the  one  to  the 
other  by  contact  (Fij;. 
114). 

This  conception  hnsalsn 
the  advantage  of  making 
clearer  Home  well-known 
physiological  and  piithii- 
logical  facts.  Thus  it  can 
easily  be  understood  that 
if  one  part  of  a  neuron  Ij4> 
injured  the  health  of  thp 
whole  neuron  sufiers.  If, 
tor  exiimjile,  what  one  may 
call  the  body  of  the  upjier 
neuron  (ie.  the  cortical  cell) 
be  injured,  the  axis  cylinder 
process  of  the  neuron  (i.e. 
the  motor  fibre)  is  also 
affected,  and  ultimately 
undei^oes  the  p  r  o  c  e  a  a 
apoken  of  as  degeneration. 
Conversely,     if    a     motor 
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fibre  be'  cut  across — say,  in  the  spinal  cord — the 
health  of  the  cortical  nerve  cell,  of  which  it  is  a 
process,  becomes  secondarily  impaired. 

We  have  spoken  of  the  motor  path  as  consisting 
of  an  upper  neuron  (the  cortical  cell  and  its  motor 
fibre)  and  a  lower  neuron  (the  anterior  cornual  cell 
and  its  motor  fibre).  It  must  be  realised  that  these 
are  not  entirely  independent  of  one  another.  On 
the  contrary,  the  upper  neuron  seems  to  exercise  a 
sort  of  restraining  influence  on  the  lower,  which  checks 
the  outflow  of  nerve  energy  which  is  constantly  pro- 
ceeding from  the  lower  neuron  to  the  muscles,  and 
which  produce  the  "  tone  "  of  the  latter.  The  result 
of  this  is,  that  if  the  upper  neuron  suflers  damage  in 
any  of  its  parts,  the  restraint  on  the  lower  neuron  is 
diminished,  the  tone  of  the  muscles  is  raised,  and,  as 
a  consequence,  what  are  known  as  the  "  tendon 
reflexes"  of  the  muscles  become  exaggerated  [see 
p.  478).  The  influence  which  the  lower  neurons 
exert  on  muscles  in  maintaining  their  tone  is  some- 
times spoken  of  as  a  "trophic"  influence.  Thus, 
if  the  lower  neuron  be  injured  in  any  part  {e,g,  if 
there  be  inflammation  of  the  grey,  matter  of  the 
anterior  comu,  or  if  a  motor  nerve  be  cut  across)  the 
corresponding  muscle  fibres  lose  their  "  tone,"  they 
become  flabby  and  atrophied,  and  are  then  said  to  be 
"  degenerated." 

The  course  of  the  sensory  fibres  has  not  yet 
been  definitely  made  out.  The  fibres  for  pain  and 
heat  sensations  seem  to  run  together  and  to  enter  the 
grey  matter  shortly  after  reaching  the  cord.  They 
then  cross  to  a  large  extent  to  the  opposite  lateral 
column.  The  fibres  for  touch  and  cold  do  not  appear 
to  decussate  so  soon.  They  may  perhaps  run  in  the 
artero-lateral  tract.  The  fibres  of  the  posterior 
columns  end  in  the  nucleus  gracilis  and  nucleus 
coneatus  of    the   medulla.      Up  to  tVda  ^ycA.  ^JJc^a 

A  A 
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[_  neurons  concerned  have  their  cell  elemenfe  ia 
posterior  root  ganglia,  which  are  therefore  said  to  be 
"trophic"  for  t!ie  sensory  fibres  from  the  periphery 
up  to  the  medulla; 

There  a  aew  set  of  neurons  begins  with  the  cella 
of  the  nucleuB  gracilia  and  nucleaa  caneatua.  The 
fibres  arising  fi'om  these  cross  to  the  opposite  side  in 
the  lower  p.irt  of  the  medulla,  forming  the  decussAr 
tion  of  the  Ullet,  that  being  apparently  the  main 
Bensory  orossing.  Thej  then  pass  up  to  the 
tegmentum,  and  the  majority  end  in  the  thalamus, 
The  i-emainder,  however,  appear  to  pass  up  through 
the  posterior  part  of  the  posterior  limb  of  the  internal 
3ap3ule  to  find  their  termination  in  the  cerebral 
cort«x.  The  centi-al  convolutions,  and  especially  the 
gyrus  fomicatus,  seem  to  be  the  parte  of  the  cortex 
chiefly  concerned  in  the  appreciation  of  sensory  im- 
presaiona,  but  it  is  probable  that  the  sense  of  touch 
IB  located  ia  the  Rolondic  area  as  well.  The 
moscular  sense  seems  to  be  located  in  the  deeper 
layers  of  the  motor  oertex.  The  course  of  the  fibres 
3^d  the  position  of  the  centres  for  the  special 
are  described  under  the  section  dealing  with  the 
cranial  nerves.  The  speech  centres  and  th^ 
nectiouH  are  described  at  p.  418, 

3.  The  spinal  cord. 

The  cord  extends  as  far  down  as  the  interspace 
between  the  first  and  second  lumbar  spines ;  the 
membranes  are  continued  down  as  far  as  the  body  of 
the  second  sacral  vertebra. 

The  cervical  etUaryemenl  i-eaches  to  the  seventh 
cervical  spine.  Its  largest  part  is  opposite  the  diso 
between  the  fifth  and  sixth  cervical  vertebiia 

The  lumbar  enlargement  lies   opposite  the 
I  lowest  dorsal  spines,  its  widest  part  corresjKinding 
"le  body  of  the  twelfth  doi-sal  vertebra. 

f  ii^SU>k^ioaUy  the  cord  b  to  be  regarded  mt. 
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up  of  a  series  of  superimposed  segments,  from  each  of 
whicL  a  pair  of  nerve  roots  arises.  To  enable  ns  to 
looaliBe  focal  leeJons  of  ihe  cord  it  is  necessary  to  be 
acquainted  with  the  functions  of  each  segment,  and 
therefore  with  the  area  of  supply  of  the  pair  of  nerve 
roota  udsing  from  it 

The  table  on  p.  403  shows  the  points  of  origin 
and  emergence  of  the  nerve  roota  from  the  cord  and 
spinal  c&naL  Plates  VI.  and  VII.  exhibit  in  a 
diagrammatio  way  the  motor  functions  of  the  cervical 
and  lumbar  segments  and  tlie  reflexes  over  which 
each  segment  presides.  The  sensory  functions  are 
exhibited  in  Figs.  115,  116,  and  117. 
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Figs.  116  and  117  have  been  constructed  by 
Head  mainly  from  the  study  of  cases  of  Herpes 
Zoster.  He  believes  that  the  areas  here  shown 
represent  the  extent  to  which  one  set  of  fibres  of  the 
posterior  root  gangUon  innervate  the  skin  of  the 
body.  The  supposed  relation  between  any  one  of 
these  skin  areas  and  a  single  posterior  root  ganglion 
has  been  confirmed  in  several  cases  by  post-mortem 
examination.     [Head  and  Campbell.] 

Their  importance  lies  in  Head's  hypothesis  that  it  is 
these  areas,  rather  than  the  full  extent  of  skin  supplied 
by  the  fibres  of  a  posterior  root,  that  become  tender  in 
consequence  of  disease  of  an  internal  organ  innervated 
from  the  same  segment  of  the  nervous  system. 

It  must  not  be  supposed,  however,  that  single 
areas  appear  commonly  in  consequence  of  visceral 
disease.  The  wide  extent  of  skin  found  to  be 
tender  can  be  analysed  by  means  of  these  figures  into 
its  component  elements.  Single  areas  with  well- 
marked  limits  occur  with  extreme  rarity,  and  are  of 
scientific  rather  than  of  practical  interest. 

Fig.  118  shows  the  position  of  the  different 
tracts  of  the  €ord  on  transverse  section. 

The  following  list  (p.  408)  shows  the  nerve 
supply  of  the  muscles  of  the  trunk  and  limbs. 
It  may  be  found  convenient  for  reference  in  the 
study  of  cases  of  peripheral  paralysis.  The  supply  of 
the  head  is  considered  along  with  the  cranial  nerves. 

The  peripheral  distribution  of  the  chief  sensory 

nerves  is  sufficiently  indicated  in  Figs.   119,  120, 

and  121. 

Vascular  supply  of  the  brain  and  spinal 

cord.— The  brain  is  supplied  by  the  internal  carotid 
and  vertebral  arteries.  Owing  to  the  position  of  origin 
of  the  left  common  carotid,  an  embolus  can  enter  it 
more  easily  than  it  can  the  artery  of  the  opposite 
side.  Embolic  lesions  are  therefore  more  frequent  m 
the  lef  c  than  in  the  right  cerebral  hem\sp\iec^ 
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PLATE   VII.— MOTOR    SEGMENTAL    FUNCTIONS    OF   THE    LUMBAR 

ENLARGEMENT. 

[To  face  p.  409. 
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The  two  vertebral  arteries  unite  at  the  lower 
border  of  the  pona  to  form  the  basilar,  which  runs 
up  the  middle  of  the  anterior  surface  of  the  pons,  and 


(■  lAjcting  nch  put 
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ends  by  dividing  into  the  two  posterior  cerebrals.  It 
gives  off  lateral  branches  which  run  out  transversely 
over  the  pona,  and  vertical  branches  which  pass  into 
its  substance.  The  latter  not  unfrequently  become 
thrombosed. 
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pONipriar  cerebrals  supply  the  ooijpit^ 

lobes,  the  lower  part  of  the  temporosplienoidal  lobea, 
with  the  uncinate  gyrus,  the  inner  part  of  the  eras 
and  the  corpora  quadrigumina,  and  the  posterior  part 
of  the  posterior  limh  of  the  internal  capsule. 
Blocking  of  one  of  these  arteries  will  therefore 
involve  th«  visual  centre  and  the  sensory  fibres. 


The    tiasilar    artery   supplies   the    upper  i 
of   the  cerebellum  ;    the  vertebrals  supply  its  lower 
surface. 

The  inlernnl  carotid  gives  off  the  anterior 
cerebral  artery,  which  curves  round  the  anterior 
end  of  the  corpus  callosuui,  and  is  chiefly  distributed 
to  the  inner  surface  of  the  cerebral  benusphei'e  as  far 
back  as  the  parieto-occijiital  fissure.  It  also  supplies 
the  superior  frontal  convolution. 

Thfi  internal  carotid  is  practically  continued  on  to 
tbB  brain  aa  the  middle  ccrcteriU,  yhidi  Um  Su  th> 
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Sylvian  fissure.  An  embolus  which  has  found  its 
way  into  the  internal  carotid,  therefore,  usually  ends 
in  the  middle  cerebral  or  one  of  its  branches.  The 
middle  cerebral  gives  off  cortical  branches^  which 
supply  the  motor  area  and  the  upper  part  of  the 
temporosphenoidal  lobe.  These  branches  anastomose 
freely  with  those  of  adjoining  arteries,  hence  blocking 
of  one  of  them  may  be  largely  compensated  for  by 
the  establishment  of  a  collateral  circulation.  It  also 
gives  off  cerdral  branc/ies,  which  run  more  or  less 
vertically  upwards,  penetrating  into  the  brain  sub- 
stance and  supplying  the  basal  ganglia.  There  are 
two  chief  groups  of  these  two  central  arteries — an 
anterior  group  called  the  lenticulo-striate,  and  a 
posterior  group,  the  lenticulo-optic.  These  arteries 
are  very  commonly  the  seat  of  miliary  aneurysms, 
and  as  the  lenticulo-striate  are  more  directly  exposed 
to  the  force  of  the  wave  of  arterial  blood,  they  are 
more  frequently  ruptured  than  are  the  lenticulo- 
optic.  These  central  arteries  do  not  anastomose  with 
one  another.  They  are,  therefore,  to  be  regarded  as 
end-arteries.  Hence  it  is  that  a  lesion  of  one  of  them 
is  much  less  likely  to  be  compensated  than  is  a  lesion 
of  a  cortical  branch. 

The  venous  blood  from  the  brain  is  poured  into 
the  venoas  sinuses.  Owing  to  the  slow  current 
in  these,  thrombosis  readily  occurs  in  them.  The 
blood  from  the  interior  of  the  lateral  ventricles  is 
chiefly  returned  by  the  veins  of  Galen,  which  end  in 
the  straight  sinus.  Owing  to  their  long  course,  these 
veins  are  frequently  exposed  to  pressure  by  tumours, 
etc.  This  is  apt  to  lead  to  increased  exudation  of 
fluid  into  the  lateral  ventricles. 

The  arteries  vriiicli  supply  tlie  spinal  cord 
have  a  long  and  tortuous  course.  This  renders  them 
liable  to  thrombosis,  but  makes  embolism  of  them 
almost  impossible.     The  lower  end  oi  t\ie  QOt^S&  \»x 
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^^^1   removed  from  the  point  of  origin  of  the  vessels 
^^^H    supply  it.     Hence  it  ia,  perhaps,  tlia,t  this  part 
^^^B  more  liahle  to  suffer  damage  from  nuti-itional  changes 
^^^H  than  are  the  higher  regions. 

^^^K         The   student  may   now  pass  to   the   method  of 

^^^B   examining  a  patient  with  nervous  disease,  as  described 

^^^r  in  the  subsequent  eeetious.     We  would  recommend 

I  him    to    begin    by    ascertaining  the   atat«    of    the 

intellectual  lacultics  of  the  patient,  including  speech 

(Section  II.).     He  should  then  rapidly  test  the  con- 

^^^    dition  of  the  cranial  nerves  in  their  order.     How  this 

^^K   Ib  to  be  done  is  desci-ibed  in  Section  III.  (p.  422), 

^^^B   £y  proceeding  thus,  valuable  information  is  gained  at 

^^^P   the  outset,  which  may  guide  one  in  his  subsequent 

^^^    investigations.       The    motor,    sensory,    reflex,     and 

trophic  functions  should  then  be  examined  in  order, 

following  the   methods    described    in    Sections    IV, 

I (p.  457),  V.  (p.  468),    VI.  (p.  472),  VII.  (p.  484). 

^^^V  Lastly,  the  electrical  reactions  of  the  muscles  and 
^^^H  nerves  should  be  tested  in  thoso  cases  in  which  it 
^^^H  may  seem  necessary  (Section  VIII. 


I   SECTION  II.— INTELLECTUAL  FUNCTIONS. 


important  to  arrive  at  some  idea  of  the 
patient's  intellectual  state  early  in  the  taking  of  a 
nervous  case,  as  it  aflbrds  indicatioos  that  are  of 
help  in  the  subsequent  investigation  of  his  symptoms. 
For  example,  if  one  finds  that  his  memory  is  deficient, 
one  attaches  only  a.  Umit«d  value  to  the  account  that 
he  gives  of  the  onset  of  his  illness  or  the  state  of  his 
previous  health.  Or  if  one  discovers  that  he  ia  oi 
tose,  or  unable  to  understand  speech,  it  is  evident 
that  one  cannot  expect  to  make  much  of  any  attempt 
to  investigate  the  state  at  his  sensory  Functions, 
This  section  will,  therefore,  be  devoted  to  methods  of 
fztrasti^atiiig  a  patient's  mental  condition,  including 
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the  functions  concerned  in  producing  ajid  interpreting 
speech. 

The  first  thing  to  be  determined  is  whether  we  are 
dealing  with  a  right-handed  or  a  left-handed 

patient*  The  importance  of  this  depends  upon  the 
fact  that  right-handed  people  are  left-brained,  and 
vice  versd.  Ask  the  patient,  if  a  male,  which  hand  he 
uses  to  throw  a  stone  or  to  pull  a  cork  :  if  a  female, 
which  hand  is  employed  in  combing  the  hair.  It  is  of 
comparatively  little  use  to  ask  which  hand  he  writes 
with,  as  all  children  are  taught  to  write  with  the 
right  hand. 

The  state  of  the  memory  next  calls  for  in- 
vestigation. It  may  be  tested  by  asking  the  patient 
what  day  of  the  week  it  is,  what  he  ate  at  breakfast, 
and  so  on."^  Inquire  as  to  his  sleep,  and  whether  or 
not  he  is  troubled  with  dreams. 

Note  whether  or  not  he  is  more  emotional  than 
is  normal.  An  abnormal  emotional  state  is  evidenced 
by  the  patient's  bursting  into  laughter  or  into  tears 
on  very  slight  provocation,  or  by  his  giving  way 
easily  to  fits  of  anger. 

In  the  course  of  taking  his  case,  one  will  already 
have  arrived  at  a  general  notion  of  the  degree  of  the 
patient's  intelligence.  Sometimes  it  is  necessary  to 
ascertain  whether  he  is  the  subject  of  hallucina- 
tions or  delusions.  An  hallucination  consists 
essentially  in  an  imaginary  sense  impression.  A 
delusion  is  purely  intellectual.  It  is  an  erroneous 
idea  which  would  be  incredible  to  the  patient's  equals, 
and  which  is  unshaken  by  facts.  If  the  patient  says 
he  hears  voices  when  no  one  is  present,  or  if  he  sees 
a  tree  and  believes  it  to  be  a  man,  he  is  the  subject  of 
an  hallucination — in  the  former  case  auditory,  in  the 

♦  It  is  important  to  distinguish  between  (a)  the  memory  of 
recent  events  and  (6)  the  memory  of  older  occurrences.  Both 
fihould  be  tested  in  every  case. 
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latter  viaaal.  If  he  declares  ttiat  he  la  the  Kroperor 
of  Riitisi^  he  is  the  victim  of  a  delusion.  The  exislenoe 
of  hallucinationa  aiid  delusions  is  often  diilicult  to 
Hscertun.  Sometimes  they  are  discovered  bychaoce; 
in  other  oases  they  can  be  elicited  by  skilful  qaestioii- 
iiig ;  often  they  are  reported  by  the  friends. 

Delirium  or  coma  may  be  present ;  in  sach 
a  case  the  investigation  of  the  intelleotaal  faculties 
already  described  ia  futile. 

One  should  next  proceed  to  the  investigation  of 
the  speech  Ainctions.* 

Supposing  that  the  patieut  is  able  to  epeak,  one 
should  note  whether  there  is  any  peculiarity  in  hia 
articulation.  The  following  are  the  chief  abnor- 
malities which  may  be  present ; — 

1.  Stamtnering.  —  This  requires  no  special 
description. 

2.  Lulling,  or  baby  speech.  Ask  the  patient  to 
read  sumething  aloud.  If  he  lalls,  one  will  recognise 
that  all  the  diilicult  consonants  are  dropped ;  ho 
spoaks  like  a  baby,  atid,  if  a  child,  may  perhaps  make 
nae  of  words  of  hia  own  invention.  P,  B,  and  M, 
T,  D,  and  N,  are  the  easiest  consonants ;  K,  G,  S, 
Sh,  and  Ch,  are  more  difficult;  C  and  L  are  the 
most  difficult  of  all.  Thus,  such  a  patient  has  no 
difBculty  in  saying  "  papa,"  "  mamma  "  ;  hut  if  askod 

"  Uritiah    conKtitution,"   he    will    probably 
nee  it  ■'  Bitte  tontitu.t" 
ScHDuing   or    staccato    speech.  —  Thti 
itient  speaks  slowly  and  deliberately,  syllable  by 
syllable,  OS  if  scanning  a  line  of  ]toetry.      Ask  him  to 
say  "artillery."     He  will  pronounce  it  "ar-til-ler-y," 

*  In  our  deHriptioii  of  the  methods  of  dmic&IJy  iiiTeatigatuig 
the  ipeech  fani^Uoiui  we  have  followed  very  olosclj'  Lhe  teachitu 
of  Prof.  Wjllia  {vide  lus  valuable  wort  on  tho  "  Disorder*  rf 
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This  is  the  kind  of  speech  found  in  cases  of  multiple 
cerebro-spinal  sclerosis. 

4.  Slurring  speech. — The  syllables  are  slurred 
together  as  in  a  state  of  intoxication.  Thus,  "  British 
constitution  "  becomes  "  Brizh  conshishushon,"  This 
kind  of  speech  is  met  with  very  typically  in  general 
paralysis  of  the  insane. 

5.  Syllable-stumblin§:. — In  this  condition  the 
patient  misplaces  some  of  the  letters  in  a  word,  and 
reiterates  some  particular  syllables.  Thus,  "West 
Register  Street"  becomes  "West  Regigistrerer 
Street" 

If  the  patient's  defect  consists  not  in  any  per- 
version of  articulation,  but  in  an  inability  to  produce 
speech  at  all,  or  to  understand  it  when  spoken  or 
wJien  written,  then  his  condition  is  described  as  one 
of  aphasia. 

In  order  to  understand  the  method  of  investigating 
a  case  of  aphasia,  it  must  be  remembered  that  for 
purposes  of  speech  we  have  (1)  a  producing  mechanism. 
This  consists  of  two  parts — one  concerned  in  the  pro- 
duction of  spoken  speech,  the  other  in  the  production 
of  written  speech.  (2)  A  receiving  mechanism.  This 
also  consists  of  two  parts — one  for  the  reception  of 
spoken  speech,  the  other  for  the  reception  of  written 
8[>eech. 

We  may  thus  classify  cases  of  aphasia  as  follows : — 


1.  Lesions  of  productive  mechanism^ 
(motor  aphasia). 


'Aphemia  (loss  of  power 
of  talking). 

Agraphia  (loss  of  power 
of  writing). 

2.  Lesions  of  receptive  mechanism  f^"^^^^  ^J^^'^^     ^^• 
(sensory  aphasia).  j^.^^^  ^^^^^  blindness) 

It  must  be  borne  in  mind,  however,  that  it  is  the 
exception  to  meet  with  a  case  of  aphasia  of  a  pure 
type.     Thus,  a  patient  may  have  both.  Qu^\i<^TDAak  ^xA 
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also  word-deafness.  He  may  be  unable  to  read  as 
well  as  unable  to  write,  and  so  on. 

The  cortical  centres  for  the  production  and  re- 
ception of  speech  are  situated  in  the  left  cerebral 
hemisphere  in  right-handed  persons,  in  the  right 
hemisphere  in  the  case  of  those  who  are  left-handed. 
Hence  the  importance  of  ascertaining  early  in  the 
investigation  of  a  nervous  case  whether  the  patient  is 
right-  or  left-handed. 

The  centre  for  spoken  speech  occupies  the  posterior 
extremity  of  the  third  frontal  convolution  (Broca's 
convolution),  and  the  lower  end  of  the  ascending 
frontal  and  probably  also  of  the  ascending  parietal 
convolution. 

The  centre  for  the  production  of  written  speech  is 
believed  to  be  in  the  posterior  end  of  the  second 
frontal  convolution. 

The  centre  for  the  reception  of  spoken  speech  is 
in  the  posterior  half  of  the  superior  temporo-sphen- 
oidal  convolution,  and  that  for  the  reception  of  written 
speech  (visual  speech  centre)  in  the  angular  gyrus. 

The  visual  speech  centre  is  connected  by  special 
fibres  with  the  primaiy  visual  centre  in  each  occipital 
lobe.  Hence,  a  lesion  in  the  left  occipital  lobe  does 
not  produce  word-blindness  unless  it  be  so  situated  as 
to  cut  off  also  the  fibres  which  connect  the  visual 
centre  in  the  right  occipital  lobe  with  the  left  angular 
gyrus  (Fig.  122,  p.  419). 

For  practical  purposes  it  is  best  to  proceed  with 

Hefeuences  to  Fio.  122. 

C^  caneus;  o  O,  posterior  extremity  of  corpus  callosum;  F8,  Broea's  convola- 
tion  (speech  centre);  Tl,  Euperior  temporcsplienoida),  or  Wernicke's  con- 
volution (auditory  word  crnire) ;  1  and  1'  left  and  rigrbt  optic  radiations ;  % 
flhres  connecting  left  anvular  gryrus  witli  left  cuneus  and  through  the 
corpus  callosuin  (2^  and  2^0  witb  the  right  cuneus ;  a  lesion  at  x  cuts  tbea* 
flhres  as  well  ns  the  optic  radiation,  and  therefore  causes  right  lateral  hom- 
onymous hemianopsia— word  blindness— but  no  agraphia;  8,  fibres  con- 
necting angular  gyrus  with  vv'ernicke's  convolution.  The  straight  black 
line  (4 >  represents  the  connccilon  between  Uroca'sand  Wernicke's  convola- 
tlons;  the  black  line  hifurc-iting  in  iront  (5)  represents  the  connections  of 
the  angular  gyrus  with  the  motor  region  of  the  left  (50  and  right  (f^) 
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tl  e  investigation  of  an;  case  of  aphiisia  in  the  fol- 
lowing order ; — 

I.  Spoken  speech. 

1,  How  is  it  received  and  interpreted  ? — Find  out, 
firstly,  whether  the  patient's  hearing  ia  good.  If  so, 
usk  hiiu  to  put  out  bis  tongue,  shut  his  eyes,  etc 
If  ho  does  so,  test  him  as  to  his  understanding  of 
nouns  hy  asking  htm  to  touch  his  nostt,  ear,  chin, 
forehead,  etc.,  in  turn.  Then  test  his  verbs  by 
asking  him  to  smile,  to  whistle,  etc  If  the  patient 
responds  satisfactorily  to  these  questions,  he  h.'vs  evi- 
dently no  diiEculty  in  interpreting  the  meaning  of 
words  beard — i.e.  there  is  no  word  dea/nens. 

2.  Now  is  it  produced  t 

(t)  If  the  patient  can  only  use  a,  few  words,  make 
a  note  of  what  these  are.  If  he  repeats  any  word  or 
plirose  again  and  again  ("  reciiri'iug  ultcrBDce  "), 
note  what  it  is. 

(2)  If  he  has  a  considerable  vocabulary,  (a)  make 
a  note  of  any  examples  of  lalling,  slurring,  etc.,  as 
described  on  pp.  416  and  417.  This  aflbrds  an  indi- 
cation of  hia  power  of  arCieulation. 

Test  him  with  such  words  and  phrases  as  "  British 
constitution,"  "West  Register  Street,"  "Biblical 
criticism,"  "artillery." 

(b)  Show  him  common  objects^a  knife,  a  pen,  a 
matchbox,  etc. — and  ask  him  to  name  them ;  or,  if  he 
is  dumb,  to  indicate  with  hia  fingers  the  number  of 
syllables  in  the  name  of  each.  If  he  ia  unable  to 
fulfil  these  tests,  ho  has  evidently  got  some  forget- 
fuliiesa  of  words  (amnesia  verbnlis).  Sometimes 
the  patient  has  a  general  idea  of  the  word  he  wanta 
to  use,  but  forgets  exactly  how  to  pronounce  it. 
Ue  omits  some  syllables,  or  Bubstitutes  others  for 
tliero,  so  that  the  listener  may  hardly  be  able  t« 
make  out  what  word  it  is  he  wisliea  to  use.  This  has 
buen  tei'oied  hy  W^Uie  "  airlv:iilaliiie  arnneaia." 
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(c)  If  he  makes  mistakes  in  his  use  of  words, 
jailing  the  knife  a  pen,  or  vice  versd,  he  is  suffering 
from  paraphasia*  In  that  case,  one  should  note 
whether  or  not  the  patient  shows  that  he  is  aware  of 
his  error  by  trying  to  correct  himself,  or  wliether  he 
goes  on  talking  gibberish. 

3.  How  w  it  repeated  or  echoed? — Ask  him  to 
repeat  words  after  you.  If  he  is  word-deaf,  try  to 
make  clear  your  request  by  the  aid  of  pantomime, 
repeating  the  word  or  phrase  over  and  over  again. 
If  he  is  able  to  repeat  what  you  say,  endeavour  to 
find  out  whether  or  not  he  understands  what  he  is 
saying. 

II.  Written  speech* 

1.  How  is  it  received  or  interpreted? — ^Ascertain 
whether  or  not  his  sight  is  good.  If  so,  write  on  a 
piece  of  paper  such  questions  or  commands  as,  How 
old  are  you  ?  Put  out  your  tongue ;  etc.  If  he  does 
not  respond  satisfactorily,  there  is  evidently  some 
word-blindness  present — i.e,  the  patient  has  visual 
aphasia* 

2.  How  is  it  produced? — ^Ask  him  to  write  his 
name.  (This  can  often  be  done  when  all  other  power 
of  writing  is  lost.)  If  he  is  able  to  do  so,  ask  him 
some  simple  question — e,g.  How  many  do  two  and 
two  make? — and  get  him  to  write  a  reply.  If  he  has 
word-deafness,  put  your  question  in  writing.  If  his 
right  hand  is  paralysed,  make  him  write  or  print  with 
his  left.  If  he  writes  pretty  well,  get  him  to  write 
an  account  of  his  illness,  and  note  whether  he  makes 
use  of  the  wrong  word  at  times  (paragraphia),  or 
whether  there  is  repeated  use  of  any  particular 
word. 

3.  Can  he  vyrite  to  dictation  or  copy  ? — Try,  using 
some  simple  book.  If  he  succeeds,  endeavour  to  ascer- 
tain whether  or  not  he  understands  the  meaning  of 
what  he  writes. 
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1,  Does  lie  understand  panlomime  1  Doe§  he  no] 
his  lieail  (or  "yea,"  shalce  it  for  "no,"  and  enn  lie 
inilicate  numben)  with  his  fiiigeral  'Lorn  of  gesture 
language  is  tortiieii  amimia.  Mltitiikes  ia  the  use 
of  geaturea— e.(^.  nodding  for  "no,"  or  Hhaking  the 
head  for  "yes"— is  termed  paraioiBiia, 

2,  Does  he  understand   symbols — e.g. 
Thus,  one  may  write  down — 

2  2  3 

2  2  2 

4  6  6 

and  ask  hint  to  point  out  which  is  right     If  ho  can 
read  music,  t«Et  him  with  musical  notes. 

3,  Can  he  recognise  common  objects  } — Place  be- 
side him  a  pencil,  a  coin,  and  a  match.  Ask  him  to 
strike  a  light,  or  to  write  sonietliing  down.  It  he 
is  unable  to  select  the  proper  article  for  the  purpose, 
he  is  Buiferiug  from  mlnd-blindnces.  Inability 
to  recognise  his  friends  is  another  proof  of  the  sauie 
condition. 

SECTION     III.— CRANIAL     NERVE 

FUNCTIONS. 
In  this  section  we  propose  to  give  a  brief  rSsumi  1 

■  of  the  essential  points  in  the  anatomy  of  each  cranial    ' 

■  nerve,  to  indicate  its  functions,  t 
I  the  chief  ayinptoraa  which  result  fi-om  ita  paralysiu,  j 
I'tuid  then  to  describe  the  method  in  which  or 
1  tigates  the  state  of  tlie  nerve  at  the  bedside. 

First  ur  oiritctory  nerve. 
Aniitemy. — The  nerva  Gbrea  whioh  sriBG  Irom  the  o1 
('Imlb  nro  distributed  to  the   t^i^hneiderinn  ineinbrime,  at  J 
w- Mirt  ol  the  noMil  foasEB.    The  cottinl  h 
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believed  to  lie  in  the  nncinate  g'yrus.  The  exact  coarse  of  the 
fibres  between  the  cortex  and  the  bulb  is  unknown,  but  it  is 
probable  that  some  of  them  do  not  decussate. 

Test. — Have  three  small  bottles  containing  some 
oil  of  cloves,  some  oil  of  peppermint,  and  some  tincture 
of  asafoetida.  Apply  these  to  each  nostril  separately, 
and  ask  the  patient  if  he  recognises  them.  In  test- 
ing, avoid  the  use  of  such  irritating  substances  as 
ammonia,  for  these  act,  partly  at  least,  through  the  fifth 
nerve.  The  sense  of  smell  may  be  abolished.  This 
is  known  as  anosmia.  Before  concluding  that  the 
nerve  is  at  fault,  take  care  to  exclude  local  changes 
in  the  nose  itself — e.g.  catarrh.  Parosmia  is  the 
name  applied  to  a  condition  in  which  thf  sense  of 
smell  is  perverted,  so  that,  for  instance,  offensive  sub- 
stances seem  to  have  a  pleasant  odour,  and  mce  verad. 

Inquire  also  regarding  balliicinations  of  smell* 
These  sometimes  constitute  the  aura  of  an  epileptic  fit. 

Second  or  optic  nerve. 

Anatomy. — From  the  retina,  which  is  the  end-organ  of  the 
sense  of  sight,  the  fibres  of  the  optic  nerve  pass  back  to  the 
optic  chiasmu.  Here  the  fibies  from  the  inner  half  of  each 
retioa  decussate,  whilst  those  from  the  outer  half  remain  on 
the  same  side.  Each  optic  tract,  therefore,  consists  of  fibres 
from  the  other  half  of  the  retina  on  the  same  side  and  the 
inner  half  of  the  retina  on  the  opposite  side.  Each  tract  passes 
tack  to  the  corpora  quadrigemina,  thence  the  fibres  pass  to  the 
external  geniculate  body  of  the  same  side,  then  reach  the 
posterior  Umb  of  the  internal  capsule,  on  leaving  which  they 
spread  out  in  the  optic  radiation  to  the  cortex  around  the 
calcarine  fissure.  This,  therefore,  constitutes  the  primary  visual 
centre,  and  represents  the  opposite  half  of  the  field  of  vision, 
the  left  half  of  the  field  of  vision  being  represented  in  the 
cortex  of  the  right  hemisphere,  and  vice  versd.  From  the 
primary  visual  centre  fibres  pass  to  the  angular  and  supra- 
marginal  gyri  of  the  same  side,  and  these  constitute  a  higher 
visual  centre.  In  this  higher  centre  word  images  would  appear 
to  be  stored,  and  in  it  also  both  eyes  would  seem  to  be  repre- 
sented, but  the  field  of  the  opposite  eye  to  a  much  greater 
extent  than  that  on  the  same  sdie  (Fig.  122). 
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Test.— In  testing  tbe  optic   nerve,   one  haa  to 
.iavestigate  three  functions  ^  (I)  Acuity  of  vision;  (2) 
extent  of  field  of  vision  ;  (3)  colour  sense.     We  Bhkll 
tLe  methods  of  testing  these  seriatim. 

Certain  preliminaries  mnst  always  be  attended 
to.  One  of  these  is  to  see  tliat  any  error  of  refraction 
in  the  [latient's  eyea  is  tirst  corrected,  and  that  there 
is  no  opacity  of  his  media  ;  another  is  to  take  care  to 
examine  each  eye  separately. 

1.  Acuiiy  of  vision.— If  this  be  very  much 
dimiiiislied,  it  may  be  doubtful  whether  the  patient 
is  ahle  to  tell  light  from  darkness.  To  investigate 
this,  place  the  patient  in  a  darkened  room  opposite 
to  a,  lamp,  alternately  cover  and  uncover  his  eye,  or, 
what  is  perhaps  a  better  plan,  concentrate  the  light 
upon  his  eye  by  means  of  a  mirror  or  lens,  and  ask 
him  to  say  when  it  ia  light  and  when  it  is  dark. 

In  lesser  degrees  of  impairment,  ask  the  patient 
to  count  fingers.  This  is  done  by  placing  him  with 
'his  back  to  the  light  while  the  observer,  standing 
facing  the  patient,  holds  up  a  varying  number  of 
fingers  of  one  hand,  and  asks  the  patient  to  say 
how  many  there  are.  The  test  should  be  applied  at 
varying  distances. 

For  the  detection  of  slight  degrees  of  impairment 
of  visual  acuity  Snellen's  types  will  be  found  useful. 
These  consist  of  letters  of  different  sizes,  each  of 
which  should  be  capable  of  being  read  at  a  definite 
distance — the  largest  at  60  metres,  the  smallest  at  6. 
In  using  the  types,  the  patient  is  placed  with  bia 
buck  to  the  light,  while  the  types  are  placed  level 
with  the  eye  at  a  distance  of  6  metres  (about  30  feet). 
He  ia  then  asked  to  read  the  letters  from  above 
downwards.  For  the  purpose  of  recording  the  result^ 
the  following  symbols  are  employed  : — 
V  ^  visual  acuity. 
rf  ^  distance  of  ct?  from  tgpe  f*-g-  6  n 
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D  =  distance  at  which  type  should  be  capable 
of  being  read. 

Suppose  that  at  6  metres  the  patient  is  able  to 
read  die  smallest  type — that  is  to  say,  that  which 
should  be  readable  at  6  metres  oSL      Then  his  visual 

i^K       ^  (*-^«  6  metres)  _ 

'^'^^  (^)  =  D  {i.e.  6  metres)  "^  ''"'■™*^- 

But  if  at  that  distance  he  can  only  read  the 
largest  size  of  type — that  which  one  should  be  able  to 

6 
read  at  60  metres — ^then  V  =  -nrr 

The  term  amblyopia  (literally  "blunt-eyed- 
ness  **)  is  often  used  to  mean  defective  vision  without 
any  visible  change  in  the  fundus  oculi,  or  with  signs 
of  mere  optic  atrophy.  By  crossed  amblyopia 
one  means  dimness  of  vision  in  one  eye,  there  being  a 
lesion  in  the  opposite  half  of  the  brain.  It  occurs, 
for  instance,  not  unfrequently,  in  hysterical  hemi- 
ansesthesia  on  the  same  side  as  tbe  loss  of  sensation. 
The  term  amaurosis  (literally  "darkness'*)  used  to 
signify  complete  blindness  with  a  similar  absence  of 
visible  changa*  It  must  be  confessed,  however,  that 
these  terms  are  used  very  vaguely,  and  as  far  as 
possible  they  should  be  avoided. 

2.  Extent  of  field  of  vision. — For  ordinary 
clinical  purposes  tbe  extent  of  the  field  of  vision  can 
be  tested  with  sufficient  accuracy  in  the  following 
way : — 

Seat  yourself  opposite  to  the  patient  and  at  a 
distance  of  about  half  a  yard  from  him.  If  his  right 
eye  is  to  be  tested,  ask  him  to  place  his  hand  upon  his 
left,  and  to  look  steadily  at  your  own  left  eye.  Look 
steadily  yourself  at  the  patient's  right  eye,  your  own 

*  Amaurosis  has  been  aptly  defined  as  a  condition  in  which 
tiie  patient  sees  nothing,  nor  the  doctor  either. 
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I  righb  beiDg  cloued,  and  hold  up  your  left  hand  in 
I  ft  plane  midway  between  his  face  aud  your  own, 
and  at  first  at  almost  full  urm's  length  off.  Keep 
moving  the  iingcrs  of  the  Land,  and  bring  it  nearer 
until  you  can  just  yourseJf  "with  the  taO  of  your 
eye  "  catch  the  movement  of  the  lingera.  Then  ask 
the  patient  whether  he  aeee  them,  teUiug  him  mean. 


V  while  to  bo  sure  not  to  take  hia  own  eye  off  yours. 
[  If  lie  faMa  to  see  the  fingers,  keep  bringing  the  hand 

r  until  he  sees  them.  Test  the  fiold  in  this 
r  fashion  in  every  direction^up wards,  downwards,  to 
I  right,  and  to  left,  using  the  extent  of  your  own  field 

V  always  for  jiurpose  of  comparison. 
"or  more  accurate  delimitation  of  the  field  o! 

Q  one  must  make  use  of  a  pciimvlcr.    Priestley 

^Smith's  is  a  good  form,  and  is  shown  in  Fig.  123.    It 

IS  follows : — 
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1.  The  patient  rests  his  cheek  against  the  wooden  pillar  so 
that  the  eye  is  about  an  inch  and  a  half  above  the  ^ob  and 
vertically  over  it.  The  height  of  the  instrument  is  regulated 
by  movable  blocks. 

2.  The  quadrant,  which  is  a  flat  strip  of  metal  engraved 
upon  its  two  sides,  is  rotated  by  a  wooden  hand- wheel  attached 
to  the  axis ;  it  is  balanced  by  a  weight  upon  the  hand- wheel, 
so  that  it  will  stand  in  any  position  without  being  fixed. 

3.  The  test-object  is  a  square  of  paper  gummed  upon  a 
light  vulcanite  wand  which  the  operator  holds  in  the  left  hand. 
With  the  right  hand  he  rotates  the  hand- wheel  and  pricks  the 
chart. 

4.  The  chart  is  placed  upon  the  hinder  surface  of  the  hand- 
wheel,  and  rotates  with  it.  There  is  a  mark  on  the  hand- wheel 
to  show  which  way  the  chart  is  to  be  placed.  This  mark  is 
brought  to  the  top,  and  the  chart  is  then  slipped  in  from  above 
downwards  and  in  the  upright  position. 

6.  Immediately  behind  the  hand-wheel  is  fixed  a  horizontal 
scale,  the  divisions  of  which  correspond  with  the  circles  on  the 
chart.  As  the  quadrant  rotates  the  chart  rotates  with  it,  and 
in  whatever  position  the  quadrant  stands;  the  corresponding 
meridian  of  tlie  chart  stands  against  the  scale.  This  arrange- 
ment enables  the  operator  to  prick  off  his  observations  with 
the  greatest  ease,  and  has  the  further  advantage  that  the  chart 
is  constantly  under  inspection,  so  that  any  portion  of  the  field 
can  be  immediately  brought  under  examination  at  any  time. 

6.  The  charts  are  of  two  kinds,  A  and  B.  The  A  charts 
correspond  to  the  entire  field  and  are  divided  by  circles  from 
0^  to  90^,  the  limits  of  the  average  normal  field  being  shown 
by  a  dotted  line.  The  B  charts  are  for  mapping  the  central 
part  of  the  field  on  a  larger  scale,  and  are  divided  from 
0°  to  45®.  The  scale  of  the  perimeter  is  graduated  accordingly 
on  its  two  sides ;  the  A  side  is  to  be  used  with  the  A  charts, 
the  B  side  with  the  B  charts. 

7.  There  are  many  cases  in  which  it  is  better  to  sweep  the 
field,  or  parts  of  it,  in  circles  rather  than  in  meridians,  e.g. 
hemiopic  and  sector-liise  defects  in  which  the  boundary  line 
of  the  field  runs  in  a  meridianal  direction.  In  cases  of  this 
kind  the  test-objects  may  be  placed  in  the  clip  upon  the 
quadrant,  and  carried  round  the  tield  in  successive  circles. 

McHardy's  instrument  is  shown  in  Fig.  124.    The 
following  points  should  be  attended  to  in  using  it : — 

The  chin  rest  \E)  is  adjustable  to  suit  each  patient,  the 
level  of  the  eye  is  then  gauged  by  the  bvittoxL  (^I"^  wv^^ik  ^^^sccsvNg^ 
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{p)  of  the  automatic  registration.  The  skeleton  charts  are 
printed  red,  and  correspond  to  the  entire  field,  and  are  divided 
by  circles  from  OP  to  90®,  the  limits  of  the  average  normal 
field  being  shown  by  a  faint  line.  Any  portion  of  the  field 
can  be  immediately  brought  under  examination,  while  the 
records  are  not  liable  to  be  biasi>ed  as  when  under  inspection. 
The  field  or  parts  of  it  may  be  as  readily  swept  in  circles  as  in 
meridians,  in  those  cases  in  which  the  former  method  is 
preferable ;  e.g.  for  hemiopic  and  sector-like  defects. 

The  test-objects,  circular  carriers  of  coloured  paper,  are 
placed  in  the  carriage  (i)  behind  various  diaphragms  {y^)  with 
apertures  of  given  diameter.  Degrees  and  half-degrees  are 
marked  on  the  back  of  both  edges  of  the  quadrant,  so  that  the 
instrument  will  determine  the  angle  of  squint  or  the  angle  a 
accurately. 

Ascher's  perimeter,  which  is  constructed  mainly  of 
celluloid,  is  a  light  and  portable  form  for  private  use. 

Changes  in  the  fidd  of  vision, — It  may  be  con- 
tracted all  round  its  periphery.  This  is  spoken  of  as 
"  concentric  diininiUion "  of  the  field  of  vision.  It 
occurs  in  hysteria,  optic  atrophy,  and  various  affec- 
tions of  the  retina. 

Sometimes  the  loss  of  vision  is  confined  to  the 
centre  of  the  field.  This  is  spoken  of  as  a  central 
scotoma  or  as  central  amblyopia.  It  is  frequently 
due  to  toxic  causes — e.g.  excess  in  tobacco  or  alcohol, 
and  is  then  generally  bilateral.  Sometimes  it  is  due 
to  local  disease  of  the  choroid  or  of  the  retina  in  the 
neighbourhood  of  the  macula.  In  that  case  it  may 
affect  only  one  eye. 

The  term  hemianopsia  (also  written  hemi- 
anopia  and  hemiopia)  means  loss  of  sight  in  one-half 
of  the  field  of  vision  in  both  eyes  from  causes  other 
than  disease  in  the  retina.  Right  lateral  hemi- 
anopsia means  abolition  of  the  right  half  of  the  field 
of  vision ;  left  lateral  hemianopsia,  abolition  of  the 
left  half.  These  forms  of  hemianopsia  are  also  spoken 
of  as  " Iiomonymous" 

^^ Superior^*   and  ^^ inferior ^^   hevniam^sia  \s\^saxv 
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of  the  visual  Seld 

the  lateral  vnriety , 
OS     "  altUudvnal " 


i 

^^^■JOSB  of  the  ujipcr  and  lower 

^^^Bffespectively.     They  are  rai' 

^^^Kniid    are    sonietimes    spoki 

^^"    hemianopsia. 

TeTnporiil  hemianopsia  meaDS  loss  of  vision  in  the 
temporal  or  outer  halves  of  both  fields,  and  is  due, 
therefore,  to  loss  of  visual  power  in  the  nasal  hiilf 
of  each  retina.  It  can  only  be  produced  by  a  lesion 
either  just  before  or  just  behind  the  optic  chiaama, 
involving  those  fibres  of  the  optic  nerves  which  have 
decussated,  and  is  accordingly  very  rare. 

Nasal  hemianopsia  signifies  a  loss  of  the  nasal 
or  inner  half  of  each  field,  and  indicates  a  diminution 
of  visual  power  in  the  temporal  half  of  each  retina. 
It  can  only  be  produced  by  a  bilateral  lesion  con- 
fined to  the  unci-ossed  optic  fibres  on  each  side  of  the 
cliiasma.     It  only  occurs  with  excessive  rarity. 

Temporal  and  nasal  hemianopsia  are  sometimes 
spoken  of  as  tietermiymoua,  in  contradistinction  to  the 
homonr/Tiunis  variety. 

3.  Colour  sense. — This  is  tested  by  means  of 
Holmgren's  wools.  Throw  all  the  skeina  together  on 
B,  table  in  good  daylight,  keeping  the  test  skein 
separate.  Explain  to  the  patient  that  he  is  to  maieh 
the  colour,  not  to  name  it,  and  that  he  is  to  select  all 
those  skeins  which  are  like  it,  whether  they  are  of 
a  darker  or  lighter  shade  or  not.  Show  him  first 
a  pure  pale-green  skein,  and  ask  him  to  match  it.  If 
he  does  so  cmrectly,  his  colour  vision  is  normal.  If, 
on   the  other  hand,    he    selects    one  of  the    "  con- 

I  fusion  colours  "  (grey,  straw   colour,  etc.),  he  ifi   to 

be  regarded  as  colour-blind. 

Total colour-blindnessisrare.  Red-green  blindnesa 
is  the  commonest  form.  Yellow-blue  blindness  is  not 
nearly  so  common.  If  the  patient  is  totally  oolour- 
Wind  he  confuses  with  the  test  skpin  all  those  of 
agaal  btightaiMa,  no  inatber    what    their    tint 
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be.  If  red-green  blindness  is  suspected,  show  him 
a  purple  skein,  and  he  will  select  blue  as  a  match 
for  it — indicating  that  he  fails  to  see  the  red  element 
in  the  purple.  If  he  be  blue-blind,  he  will  select  red 
or  orange. 

Colour  field.— In  a  normal  eye  the  field  for 
blue  is  largest,  then  comes  yellow,  then  red,  and  lastly 
green.  Concentric  diminution  of  the  colour  field 
occurs  in  hysterical  amblyopia.  In  some  toxic  con- 
ditions, especially  tobacco  poisoning,  one  finds  a 
central  scotoma  for  colour.  Its  existence  can  easily 
be  determined  by  placing  the  patient  with  his  back 
to  the  light,  and  then  holding  up  about  2  feet  in  front 
of  him  a  square  of  black  pasteboard  in  the  centre  of 
which  is  a  small  white  spot.  Ask  him  to  look  steadily 
at  the  white  spot,  and  while  he  does  so  suddenly  place 
about  2  inches  to  the  outer  side  of  the  spot  a  black 
strip  of  cardboard,  near  the  end  of  which  a  red  or 
green  wafer  has  been  fixed.  If  a  central  colour  sco- 
toma is  present,  the  patient  will  not  see  the  red  or 
green  spot  whilst  he  is  looking  at  the  white  one.  If, 
on  the  other  hand,  the  coloured  spot  be  placed  to  the 
inner  side  of  the  white  spot,  he  has  usually  no  diffi- 
culty in  seeing  it.  Colour-blindness,  of  course,  inter- 
feres with  the  use  of  the  test  in  some  cases. 

The  exact  extent  of  the  field  for  each  colour  is  best 
tested  by  means  of  the  perimeter. 

Subjective  visual  sensations  may  be  pre- 
sent. Amongst  the  commonest  of  these  for  which 
one  may  have  to  inquire  is  the  occurrence  of  what 
are  known  as  muscce  volUantes — little  specks  or  motes 
seen  floating  before  the  eyes,  especially  on  looking  at 
a  white  surface  or  up  to  the  sky.  They  are  not  in- 
frequent in  anaemic  and  debilitated  persons.  In 
migraine  peculiar  zigzag  lines,  known  as  "fortifica- 
tion figures,"  are  often  seen  at  the  beginning  of  the 
attack,  and  in  the  investigation  of  such  a  case  shovsid 
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always  be  inqiiii-ed  for.  The  tt^nn  leie/iopvia  ia 
applied  to  the  condition.  Hallucinatiooa  of  sight 
occur  in  some  caaea,  notably  in  delirium  tremens ; 
they  may  also  form  part  of  tJie  auni  in  epilepsy. 

Third,  rourtit,  and  sixth  nerves. — -It  ia  con- 
venient to  take  these  togiither,  aa  conjointly  they 
serve  to  innervate  the  muacles  which  move  tlie  eye- 
bnJl. 

Anatomy. — Thd  fibces  of  these  nsTves  take  theit  origiD  fiuin 
a  series  of  nnclei  ivhicli  1>egin  in  the  flocir  of  the  aijuediict  »f 
Sylvius  below  tho  anterior  corpora  quadrigeoiina,  and  exteud 
down  as  far  as  the  eiuineotia  teres  in  the  Hoor  of  the  fourth 
vcntriule.  The  nucleoa  for  the  third  nerve  ia  hieheHt  up.  Its 
most  anterior  cells  supply  the  ciliury  muecle  and  iris,  those  fot 
the  ooulur  tohbcIm  boing  further  batk.  Behind  thiit  cornea 
the  uualeiis  oE  the  fourth,  and  most  postoriorl;  of  all  that  of 
the  nith,  Thd  thivd  nerve  eTuergel  on  the  inner  aspect  of  the 
<Tua,  and  is  tfaererora  apt  to  be  involveiPin  laaiooa  implicatiDg^ 
that  part  ot  the  brain. 

The  fourlh  pair  emerge  on  tha  anterior  part  of  the  roof  ot 
tho  fourth  ven^icla.  They  are  peonliar  in  that  they  nre  the 
onlyornnial  norvoa  which  decossate  between  their  nuclei  and 
their  point  of  emergonc^a. 

The  sixth  emerges  between  tho  medulla  and  pons,  ^nd  rimi 
forward  beneath  the  liitter  for  a  considcrublo  diatance  before 
leaving  tbe  skull.  This  long  ODurae  renders  it  purttcalurly 
liable  to  the  effects  ot  pressure. 

FuDi:tions. — The  sixth  nerve  sujipliea  the  ex- 
ternal rectus,  the  fourth  auppliea  tlie  superior  oblique. 
All  the  other  ocular  muscles,  ulong  with  the  sphiucter 
piipillte,  the  mnscle  of  accommodation,  and  the  levator 
palpebrie  suijerioris,  are  supplied  by  the  third. 

Symptoms  of  paralysis.- — Sitth  nertie.  Ina- 
bility to  move  the  eye  outwards  and  diplopia  ou  look- 
ing in  that  direction.  Possibly  iatomal  squint.  Ia 
nuclear  lesions  there  is  also  loss  of  the  power  of  oon- 
.  Jugate  deviation  in  the  direction  of  the  affected  muscle. 
Fourth  nerve. — Impaired  power  of  downward 
lOveiDent ;  possibly  upward  and  inward  squint ;  and 
a  looking  dowo. 
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Third  nerve, — Ptosis ;  the  eye  can  only  be  moved 
outwards  and  a  little  downwards  and  inwards ;  loss  of 
accommodation ;  pupil  of  medium  size  and  unable  to 
contract ;  loss  of  power  of  accommodation. 

Paralyses  of  the  third  nerve  are  not  unfrequently 
partial — only  one  or  a  few  of  these  functions  being 
lost. 

Thus  the  levator  palpebrse  superioris  is  often 
alone  affected,  producing  ptosis,  while  the  other 
muscles  retain  their  normal  power.  In  order  to 
estimate  the  degree  of  ptosis^  one  must  eliminate 
the  action  of  the  occipito-frontalis.  This  is  done  by 
pushing  down  upon  the  latter  muscle  so  that  the 
eyebrows  are  kept  level,  and  then  asking  the  patient 
to  look  up.  The  amount  to  which  the  lids  are  raised 
indicates  the  strength  of  the  levator. 

Any  retraction  of  the  upper  lid,  from  over- 
action  of  the  levator,  is  to  be  noted  by  observing  the 
relation  of  the  head  of  the  lid  to  the  upper  marg.n  of 
the  cornea  when  the  patient  is  looking  straight  forward. 
How  to  tetst  these  nerves.— As  will  be 
gathered  from  the  above  resum^y  the  signs  of  a  lesion 
involving  any  of  these  nerves  may  be:  1,  The  pres- 
ence of  a  squint;  2,  defective  power  of  movement 
of  the  eye ;  3,  the  presence  of  diplopia.  Of  these 
signs  the  last  is  really  the  most  trustworthy  of  all,  for 
paralysis  of  the  muscles  supplied  by  the  nerve  may 
be  so  slight  as  to  lead  to  no  appreciable  squint  and  to 
no  visible  defect  in  mobility. 

We  shall  consider  the  question  of  squint  first. 
1.  By  squint  or  strabismus  is  meant  a  want 
of  parallelism  in  the  two  visual  axes.  It  may  be 
due  either  to  paralysis  of  a  muscle  or  to  over-action — 
i.e.  spasm — of  its  opponent.  The  former  constitutes 
paralytic  strabismus,  the  other  brings  about  what 
is  called  ^^concomitant"  (or  spasmodic)  strabis- 
mus* The  first  point,  therefore,  to  be  d^cAji'^i^  ^w\X» 
o  0 
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any  mguint  ts  this — Is  it  paralytic  or  is  it  cuncomittuitl   1 
Tliu  chief  points  of  (iistinction  bc.tweBn  the  two  are 
tlipse  :— 

(a)  Spftsmodic  siiuint  is  always  present ;  on  asking 
the  patient  to  look  straight  forward,  whit'h  is  the 
position  of  rest  of  all  tlie  ocular  niuEclea,  the  squint 
is  Been  at  once.  Fai'slytic  strabiannis,  on  the  other 
hand,  may  only  be  visible  when  the  patient  ha|>pei>3 
to  look  in  a  direction  requiring  the  action  of  the 
paralyseU  muscle, 

(6)  In  spftsmoJicstrabiarous  the  affected  eye  follows 

the  sound  eye  equally  in  all  its  niovementa.     It  is  for 

this  reason  that  it  is  termed  "concomitant."     The 

visual  axes  are  not  parallel  even  in  the  ]josition  of 

sst,  and  the  defect  of  parallelism  remains  tlie  same 

*  ia  whatever  direction  the  patient  turns  his  eyes.     In 

I'paralytic  squint  the  visual  axes  may  appear  parallel 

ft^in    the  position  of   rest,  but   even  if   they  do  not, 

\  .the   want  of    parallelism    becomes  more  and   more 

■■evident  tlio  farther   the    patient    trios   to   turn   his 

■|e   direction  of    action    of  the   paralysed 

(.uiuscle. 

(c)  Diplopia  is  usually  present  in  paralytic  squints, 
[  absent  in  those  which  are  spasmodic. 

The  commonest  form  of  concomitant  squint  ia  the 
I  internal  strabismus,  which  ocours  in  children,  and  is 
associated  with  hypermotropia. 

2.  Dvfeclivc  power  of  movenient  of  the 
eye. — In  order  to  elicit  this  symptom,  place  the 
patient  with  his  face  to  tlio  light ;  stand  in  front  of 
him,  and,  holding  up  one  finger,  aak  him  to  follow  its 
movements  with  his  eyes.  It  will  easily  be  noticed 
whether  or  not  a  squint  is  brought  out  in  either  eye 
when  he  attempts  to  do  so.  The  examination  may  b 
repeated  in  each  eye  separately,  its  mobility  beio 
testod  in  each   direction. 

The  power  o|  convergence  of  the  i 
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always  1)6  tested  in  addition  to  the  mobility  of  each 
eye  separately.  In  order  to  do  this,  hold  up  your 
finger  directly  in  front  of  the  patient  at  a  distance  of 
about  18  in.  from  the  tip  of  his  nose.  Tell  him 
to  keep  looking  at  the  finger,  which  is  then  gradually 
brought  nearer  to  the  nose.  Note  to  what  extent 
convergence  occurs,  and  whether  it  is  well  maintained 
— t.c.  whether  the  eyes  remain  directed  towards  each 
other,  or  wliether  they  diverge  again  after  their  first 
convergence. 

In  some  cases  the  defective  mobility  is  so  slight  as 
to  elude  detection.  This  is  especially  apt  to  be  the 
case  in  paralysis  of  the  oblique  muscles.  In  such  a 
case  one  falls  back  upon  the  diplopia  as  an  indication 
of  the  atfected  muscle. 

3.  Diplopia. — In  order  to  elicit  this  symptom, 
hold  your  finger  straight  up  in  front  of  the  patient, 
and  ask  him  how  many  there  are.  Then  repeat  the 
question  with  the  finger  held  at  each  side  of  the 
visual  field,  then  high  up,  and  then  low  down.  Make 
sure  that  the  patient's  head  is  not  moved  during  the 
investigation.  If  in  each  position  he  sees  one  finger 
only  there  is  no  diplopia.  If  at  any  part  of  the  field 
two  fingers  are  seen — one  distinct,  the  other  some- 
what hazy — one  may  be  sure  that  diplopia  is  present. 

In  that  case  one  has  next  to  ascertain  (1)  which 
is  the  affected  eye ;  (2)  which  is  the  affected  muscle 
in  that  eye. 

In  order  to  determine  these  points,  proceed  as 
follows : — 

Place  over  one  of  the  patient's  eyes  a  red  glass — 
preferably  over  the  stronger  eye,  if  he  has  better 
vision  in  one  than  the  other.  Then  hold  up  in  front 
of  him  a  tall  lighted  candle.  Move  it  about  until 
he  sees  two  candles — a  red  and  a  yellow.  One  of 
these  is  the  true  image — t.c.  that  of  the  sound  eye ;  the 
other  is  the  false  image — v,e.  that  of  the  affected  eye. 
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Which  IB  which  1  In  order  to  answer  this  question 
UiB  following  rule  ia  given  ;^ 

77ie  affected  eye  its  t/iat  in  the  direction  of  the  image 
of  which  the  diplopia  increatea. 

The  application  of  thia  rule  will  be  made  plain  by 
an  example.  Suppose  the  red  glass  is  opposite  the 
patient's  left  eye,  and  the  patient  eays  that  the  red 
image  is  to  the  right  of  the  yellow.  On  moving  the 
candle  farther  to  the  right  the  distance  between  the 
images  increases — i.e.  the  diplopia  becomes  gi'eater — • 
that  is  to  say,  it  becomes  greater  on  moving  the 
candle  in  the  direction  of  the  red  image.  But  that  is 
the  image  belonging  to  the  left  eye ;  therefore,  apply- 
ing the  rule,  the  left  eye  ia  the  one  that  is  affected. 

The  affected  eye  having  been  thus  discovered,  one 
wishes  to  know  which  is  the  affected  muscle.  To  help 
one  in  this  a  second  rule  has  been  given  -.-^ 

The  paralysed  muBcle  is  that  which  wotiM  /lave 
turned  the  eye  in  the  position  and  direction  of  tltsfcdae 

ifffl. 

In  the  above  example  one  found  that  the  left  eye 
affected,  and  that  its  image  was  to  the 
right  of  the  true  image.  Applying  the  above  rule, 
one  asks.  Which  muscle  mores  the  left  eye  to  the 
right)  and  the  repiy  ia.  The  internal  rectus.  The  left 
internal  rectus,  therefore,  is  the  aSected  muscle. 

When,  as  in  this  case,  the  false  image  is  on  the 

opposite  side  to  the  affected  eye,  the  diplopia  is  said 

to  be  "crossed" ;  when  the  false  image  ia  on  the  same 

aide  as  the  affected  eye,  the  diplopia  ia  said  to  be 

(Street."      Paralysis  of   Ein   internal    rectus  always 

)duces  a  crossed  diplopia  ;  paralysis  of  an  external 

itns  a  direct  diplopia. 

1'he  detection  of  the  affected  muscle  in  cases  of 
VL>rtJciil  diplopia  is  somewhat  more  diiHcult  than. 
in  cases  where  the  diplopia  is  lateral.  The  same  rules, 
however,  apply.    Suppose,  again,  that  the  red  glass  ia 
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over  the  left  eye,  and  that  the  two  imngea  are  seen, 
one  above  the  other,  the  yellow  being  higher  np.  On 
looking  upwards  the  distance  between  the  images 
becomes  greater ;  therefore,  according  to  the  first  rule, 
the  right  eye  ia  the  one  affected.  Which  m  the 
faralyted  imacle  f  In  order  to  apply  the  second  rule, 
one  must  remember  the  action  of  each  muscle,  and, 
fiom  the  position  of  the  false  image  as  described  by 
the  patient,  deduce 
whicli  muscle  it  is  I 
which  would  have  | 
turned  the  eye  in 
that  position  Hnd 
direction.  Thiawill 
be  the  muBcle 
affected.  Werner's 
diagrams  (FigK.  126, 
126)  faciHtnte  the  | 
recollection  of  this 
greatly.  The  cnn- 
tinuous  lines  on  the 
.diagrams  represent   | 

the  positions  of  the  j.     ^^  —wemor'i  diig™™. 

true  im^ee,  the 
dotted  lines  those  of  the  fabe  images.  Thus  in  para- 
lysis of  the  left  inferior  rectus  the  false  image  is  at  a 
lower  level  than  the  true,  it  is  to  the  right  side  of 
the  true  image  (crossed  diplopia),  and  the  upper  end 
is  inclined  towards  the  true  image  (Fig.  125).  In 
paralysis  of  the  left  inferior  oblique,  the  false  image  ia 
higher  up  than  the  true  image  and  to  its  left  side 
(direct  diplopia),  and  its  upper  end  is  inclined  away 
fmm  the  true  image  (Fig.  126). 

To  return,  then,  to  our  supposed  case.  One  had 
proved  that  the  right  eye  was  the  one  affected,  and 
thiit  itB  image  was  higher  up  than  the  true  image. 
~  ■     ■  1  must  therefore  affect  eitlvM  \!&ei  ^\^'i. 
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perior  rectus  or  the  right  infuiior  obliqua  Ask 
the  patient  whether  the  upper  end  of  the  falss  image 
is  inclined  towards  or  away  from  the  true,  and 
whether  it  is  to  the  right  or  tlie  left  of  the  latter, 
Supposing  he  says  that  the  false  image  (yellow 
candle)  is  to  the  left  of  the  true,  and  with  its  upper 
end  inclined  away  from  the  latter.  Then  one  knows 
at  once,  by  referring  to  the  diagram  (Fig.  135),  that 
the  right  superior 
rectus  is  the 
niuHcle  aSi'cted. 

IF,  in  the  above 
e\ample,tliepatient 
i^  unable  to  state 
clearly  whether  the 
false  image  is  to  the 
right  or  left  of  the 
true,  and  what  is 
the  exact  nature  of 
its  inclination,  one 

to  another  method, 
Ask  in  what  direc- 
tion the  difference 
in  height  of  the  two  images  increases.  If  towards 
the  temple,  the  rectus  is  the  affected  muscle;  if 
towards  the  nose,  it  is  the  oblique. 

In  applying  the  above  testa  it  ia  more  coDTenient 
to  move  the  patient's  head  in  order  to  change  the 
direction  of  his  eyes  than  to  move  the  candle.  Thus 
if  one  turns  the  head  to  the  left  and  asks  him  to  look 
at  the  candle  the  eyes  are  tuined  to  the  right.  Thus 
moving  the  head  to  the  left  comes  to  the  same  thing 
as  moving  the  candle  to  the  right,  and  i^e  i>er»&. 
To  lower  the  eyes,  hold  the  head  back ;  to  elevate 
liAe  eym,  depress  the  chin.  These  movements  are 
places  hiniBelf  at  U10 


Fig.  12a.-- 
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patient's  side,  the  ligLted  candle  being  placed  an 
D.  table  BDme  distaoce  off. 

The  position  or  tliu  iiaticnl's  hend  is  also 
of  considBrable  help  in  detecting  the  paralysed 
tnusde.  Ho  trips,  by  turning  his  head,  to  give  to 
the  affected  eye  the  position  in  which  it  should  be 
placed  by  the  paralysed  nmscle.  Thus,  if  the  face 
is  turned  to  the  left,  it  indicates  a  paralysis  of  the 
left  external  rectus  or  i-ight  internal  rectus,  and  viae 
versd.  ,  If  it  lie  directed  upwards,  an  elevator  is 
paralysed  ;  if  downwards,  a  depressor.  If  the  head  ia 
inclined  to  the  left  shoulder,  it  indicates  puralysis 
of  the  superior  rectus  or  oblique  of  the  right  eye, 
or  of  the  inferior  rectus  or  oblique  of  tlie  left  eye. 
If  the  inclination  of  the  head  is  towards  the  right 
shoulder,  it  indicates  paralysis  of  the  sui>evior  rectus 
or  oblique  of  tlie  left  eye,  or  of  the  inferior  rectus  or 
oblique  of  the  right  eye. 

ilbnormRl  iDovemenis  of  llie  f.ye. 

Involuntary  clonic  contractions  of  the  muscles  of 
the  eyeball  not  unfrequently  occur.  The  moveiiieiits 
are  usually  symmetrical,  occurring  equally  in  bol.li 
eyes.  To  these  movements  the  term  nystagmus  is 
applied.  IE  the  external  or  interna!  recti  are  affected, 
lateral  nystagmus  results.  Verlical  nystagmus  is  duo 
to  an  affection  of  the  superior  or  inferior  recti,  and 
rotary  nystagmus  to  an  involvement  of  the  obliqne 
muscles.     Lateral  nystagmus  is  the  commonest  variety. 

In  examining  for  nystagmus,  ask  the  patient  to 
look  straight  in  front  of  him,  and  observe  whether 
the  eyes  remain  steady.  Then  ask  him  to  look  to 
his  extreme  right,  then  to  the  left,  and  then  upwards 
and  downwards.  Nystagmic  movements  are  fre- 
quently only  to  be  observed  when  the  eyes  are  turned 
as  far  as  [Kissible  in  one  of  these  directions.  Such 
an  occurrence  is  indicative  of  paresis  of  the  muscloa 
which  turn  the  eyes  in  that  particular  direclioo. 
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Tf  both  eyes  are  kept  pereistently  turned  in 
dimction,  the  condition  is  spoken  ot  as  eoiMnffalc 
deviatiOD  of  the  eyes.     It  is  usuttUy  either  to  the 

right  or  to  the  left.  Coujugate  deviation  of  the  eyea 
may  be  brought  about  either  by  a  lesion  which 
produces  paralysis  or  by  one  which  causes  irritation 
or  spaam.  In  the  former  case  the  eyes  {and  usually, 
also,  the  head)  are  turned  towards  the  side  of  tLe 
lesion,  provided  the  latter  be  in  the  cerebral  hemi- 
sphere. The  patient,  in  fact,  is  said  "  to  !ook  towards 
his  lesion."  An  irritative  lesion  in  a  siniilar  situation 
causes  the  deviation  t«  he  towards  the  healthy  side. 
If,  however,  the  lesion  have  ita  seat  in  the  pons, 
these  rules  are  ,juet  reversed,  the  deviation  being 
lowards  the  sound  side  in  a  paralytic  lesion,  and 
towards  the  affected  side  in  one  which  is  imtative. 

Examination  of  the  pupils.— This  important 
part  of  the  investigation  of  a  nervous  case  may  be 
conveniently  considered  at  this  stage.  The  following 
jMiints   must   be   noted    about   the   pupils  in   every 

J .  Size. —Com pare  the  size  of  the  two  pupils, 
first  in  a  bright  light  and  then  in  a  dim  light.  Note 
whether  the  pupils  are  large  or  small,  and  whether 
any  irregularity  is  present.  It  must  be  remembered 
that  the  size  of  the  pupil  in  health  is  subject  to 
great  variations.  As  a  rule,  the  pupils  are  larger 
in  dark  eyes  than  in  light.  A  much  dilated  pupU 
is  often  a  sign  of  nervous  eKliiiustion  or  instability. 
Slight  ineq^aality  of  the  pupils  may  also  be  present 
in  perfectly  healthy  subjects.  We  are  inclined  to  think 
that  in  such  cases  the  left  pupil  is  usually  the  larger. 

If  one  pupil  is  larger  than  the  other,  the  question 

arises  ;  Which  is  the  normal  1     This  question  is  not 

always  very  easily  answered,  but,  as  a  rule,  the  pupil 

which  exhibits  the  least  mobility  is  to  be  regarded  aa 

,   the  abnormal  o 
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2.  Shape. — ^Note  whether  the  pupil  is  circular 
in  outline,  as  it  should  be,  or  whether  its  contour  is 
irregular.  Such  irregularities  may  be  due  to  ad- 
hesion of  the  iris  to  the  lens  (see  p.  502).  Irregu- 
larity in  shape  of  the  pupil  is  often  an  early  symptom 
in  general  paralysis  of  the  insane. 

3.  Mobility. 

\a)  Reaction  Co  llglit.— This  is  a  reflex  action. 
The  stimulus  is  produced  by  the  action  of  light  on 
the  retina,  and  travels  along  the  optic  nerve  and 
optic  tract  to  the  corpora  quadrigemina,  and  thence 
by  communicating  fibres  (Meynert's  fibres)  to  the 
centre  for  the  third  nerve.  The  motor  impulse 
passes  from  that  centre  by  means  of  the  fibres  of 
the  third  nerve  to  the  sphincter  pupillse  muscle 
(Fig.  127). 

Test, — Examine  each  eye  separately.  Place  the 
patient  opposite  a  bright  light,  be  sure  his  accommoda- 
tion is  relaxed,  and  cover  the  eye  with  the  hand. 
Leave  it  covered  for  about  half  a  minute^  then  with- 
draw the  hand  and  watch  the  pupil.  It  should 
contract  almost  immediately,  then  dilate  again  a 
little,  and,  after  undergoing  slight  oscillations,  settle 
down  to  its  normal  size. 

The  test  may  also  be  carried  out  by  concentrating 
light  upon  the  pupil  by  means  of  a  mirror  or  lens, 
just  as  one  does  in  testing  the  light  perception.* 

Owing  to  the  decussation  of  some  of  the  fibres  of 
the  optic  nerves  at  the  chiasma,  light  acting  upon 
one  eye  afliects  the  centre  for  pupil  contraction  of  the 
other  eye  as  well  as  that  on  its  own  side.  It  is 
probable  that  fibres  pass  directly  between  the  centres 
for  the  two  thu-d  nerves  which  aid  in  bringing  about 

*  A  Gonyenieut  method  is  to  throw  the  light  on  the  pupil  by 
the  mirror  of  an  ophthalmoscope  with  a  4-  8  Tens  behind.    Ijook- 
ing  through  the  lens  one  gets  a  magnifiea  view  of  the  pupil  ^  axL<^ 
small  changes  in  it  can  be  more  easily  observed. 
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tliis  result.  Ab  a  consequence,  one  finds  that  if  liglit 
be  shut  off  from  one  eje  both  pupils  dilate,  and  if 
bright  light  be  made  to  enter  one  eye  both  pupilii 
contract.  This  is  known  as  the  consensual  re 
ncUon  of  the  pupils.  It  should  be  tested  by  keeping 
OOP  eye  in  the 
shade  while  light 
in  thrown  into  the 
other.  The  effect 
on  the  pupil  of 
the  shaded  eye  is 
then  obserred. 
Lesions  of  the 

optic  tract  inter- 


with      tliis 


reflex. 

Wernicke's 
hemioplc  pu- 
pil rcnction 

m.y  b.  men. 
tioned  hi>re.  He- 
rn ianopiii,  as  we 
have  seen,  may 
be  due  to  a  lesion 
of  the  optic  tract 
between  the 
chiitsma  and  the 
corpora  quadrigemina,  or  it  may  be  produced  by 
destruction  of  the  optic  fibres  between  the  oorponi 
quadrigemina  and  the  occipital  cortes,  or  it  may  ho 
due  to  lesion  in  the  cortical  visual  centres  theniselvea. 
If  the  lesion  be  in  front  of  the  corpora  quadri- 
gemina— ve.  in  front  of  the  pupil  centre — the  light 
refiex  is  lost ;  whereas,  if  it  be  at  any  point  behind 
that,  tliB  contraction  of  the  pupil  to  light  is  retained. 
Jt  is  upon  this  fact  that  Wernicke's  reaction  is  ' 
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In  caiTying  out  the  teat  the  light  must,  of  courae,  be 
concentrated  on  the  blind  halves  of  the  retime. 
Proceed  an  follows  :  Place  the  patient  in  »  dark 
room  with  a  light  beaide  hia  head.  Hold  a  large 
plane  mirror  in  the  left  hand,  and  bj  means  of  it 
illuminate  both  pupils  and  observe  their  size.  Then 
take  an  ordinary  opthahuoscopio  mirror  in  the  right 
hand  and  direct  a  strong  beam  of  light  on  to  the 
blind  aide  of  the  retinae,  IE  the  lesion  be  in  front  of 
the  corpora  quadrigemina  no  contraction  of  the  pupils 
should  result ;  if  behind  that,  they  become  smaller. 

{b)  Renction  to  accommodntion. 

As  is  well  known,  the  pupils  become  smaller  on 
accommodating  for  a  neai'  object.  It  is  really  more 
correct  to  speak  of  reaction  to  convergenes,  as  it  ia 
found  that  it  \s  tlie  convergence  of  the  eyea,  not  the 
mere  elTort  of  accommodation,  which  causes  the  pupil 
to  become  smaller. 

Teal. — Hold  up  one  finger  close  to  the  patient's 
nose.  Ask  him  to  look  away  at  a  distant  object. 
Then  suddenly  tell  him  to  look  at  your  finger.  As 
the  eyea  converge  to  accomplish  this  the  pupila 
Bhould  become  decidedly  smaller. 

If  the  patient  is  unable  to  see,  the  test  may  still 
be  carried  out  by  getting  him  to  hold  up  his  own 
finger  about  a  foot  in  front  of  his  face  and  then 
asking  him  to  direct  hia  eyea  to  it. 

If  the  pupil  reacts  to  accommodation  but  not  to 
light,  it  is  probable  that  there  is  a  lesion  either  of  the 
optic  or  of  Meynert'a  fibres.  It  it  reacts  neither  to 
light  nor  to  accommodation,  it  is  probable  that  there 
is  a  lesion  either  of  the  pupil  centre  or  o£  the  fibres 
of  the  third  nerve. 

ArKyU-BobertHon  piipIL^ — This   is  the   term 

applied  to  the  condition  of  pupil  usually  observed  in 

locomotor  ataxy,  but  also  found  sometimes  in  general 

paralysis    and    other  degenerative  disesf^A  -A   'iwfi 
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nervous  systom,  ceiiecially  ayphilitio.  It  reaete  to 
accommodation,  but  not  to  light.     It  is  probably  due 

lesion  in  Meynert's  fibres  (Fig,  127)- 
fiLrea  of  communicatian  between  the  corpora  qiiad- 
rigeniina  and  the  pupil  centre.  Soiiietimes  the 
reaction  to  light  is  not  entirely  abaent,  but  takes  place 
in  a  very  sluggish  fusLion. 

(c)  Cilia -spinal  r«a«s — Dilatation  of  the 
pupil  can  often  be  observed  to  follow  irritation  of  the 
skm  of  the  neck  either  by  pinching  ov  by  the  action 
of  a  Faradic  current.  It  is  due  to  atinuilation  of 
the  pupil- dilating  fibi-es  in  the  cei'vica!  sympathetic 
(p.  45G),  and  is  abolished  in  lesions  or  Lhut  i 

Abnormal  movemenis  of  Ihe  pupil. 

The  term  '*tiippu8"  is  appli<^  to  the  alternate 
oontractioD  and  dilatation  of  the  pupil,  which  can 
eometimes  be  observed  going  on  rhythmically  {see 
p.  502}. 

Filtb  nerve. 

AHatomy. — 1.  Tbe  sensory  root  takes  origin  in  a 
large  DuuleuB  in  ilie  pons,  situated  in  the  floor  of  Ihe  fourth 
ventricle  und  lying  eiterral  to  the  oiotor  niiiileua,  aniJ  pattljr 
bIbo  from  the  "  aBcendinir ''  root,  vhich  bo^ns  as  lov  down  na 
the  BecoDd  cerviiAt  sogment.  It  emerges  nt  the  aide  of  the 
pons,  and,  immedjalely  beyond  the  GaaHerinn  ganglion. 
sapntitteB  into  ita  three  divigions. 

The  Qrst,    or   ophthalmic,    division   supplioB 

the  eyeball,  conjunctira  (except  that  of  the  lower  lid)  and 
luchrymal  gland,  the  mesial  part  of  the  akin  of  Ihe  noae  as  for 
as  the  tip,  the  upper  eyelida,  the  forehead,  and  the  scalp  as 
for  as  tlie  verlei. 

Paralysis  of  this  division  results  in  loss  of  Benai* 
bility  in  the  area  of  skin  and  mucous  membrane 
supplied,  and  in  trophic  changes  in  the  eyeball  {if  the 
lesions  involve  the  Gassorian  ganglion).  The  conjuso- 
tival  reflex  is  abolisbed. 

The  second  or  superior  maxillary  division 

>Uea  the  cheek,  the  front  of  the  temple,  the  lower  eytilM  , 
'te  conjanctiTa,  the  side  «i  Uie  nuse,  liio  ii^i;<ic  ," 


ir 
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Paralysis  of  it  leaJa  to  abolition  of  sensiliility  in 
the  above  area,  and  loss  of  the  palate  reflex. 

The  tbjrd  or  inferior  maxillarr  division  is 

ioineii  bythemottjr 

eenaation  to  tbe 
lower  part  of  the 
face,  the  lower  lip, 
the  aide  □(  the  head, 
the  ear,  Ibe  tongue, 
and  Ihs  lower  teeth. 
It  Buppliea  also  the 
Bali  vary  glunds  and, 
through  the  motor 

clea  of  mastication, 
the  tensor  tympani, 
and  also,   perhaps 


/ 


the   tensor    palali,  *£       -„f'  J 

although  maSy  b-  ^  -,  \  * 
liese  that  thia  mua-  t^     '   fr 

cle    is    innervated  i^    Jf 

bv   the  soLDal   ao-  *!t. 
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nucIeoB  lying  internally  t«  the  chief  Eensory  nueleoa,  anil 
partly  also  from  the  descending  ront,  nhich  aciaea  in  nerve 
cells  Bcattered  around  the  aqueduct  of  Sylvius.  It  emerges  at 
tha  aide  of  the  pons,  just  in  front  of  the  sensory  diviBioQ, 
Hisflea  underneath  the  Uauerian  ganglion,  and  joina  the 
inferior  maxiUsry  division,  to  which  it  gives  ita  motor  Gbrea. 

Paralysis  of  the  whole  fifth  nerve  leads  to  losa  of 
Beusation  in  the  areas  of  akin  and  mucous  membrane 
above  msntioned,  and  to  defective  power  of  chewing. 
(Fig.  128.)  Trophic  lesions  may  be  present  and  the 
salivary,  buccal,  and  lacliryraal  secretions  much 
diminished,  and  the  sense  of  taste  abolished. 

One  curious  result  of  the  senaoty  pe.'ra.V'i  6\&  Sa  'Oosfc 


w 
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tbe  patient,  when   drinking,  imagines  tbat  the  cup  19 
broken,  as  he  only  feels  it  on  one  aide  of  ' ' 
How  to  test  Ihe  fiftli  nerve. 

1.  niotor  rnnctjons. — Ask  the  patient  to  clsuch 
his  teeth  while  the  observer  keeps  his  hands  oa  the 
temporal  and  then  on  the  masEeter  mtiscles.  These 
should  stand  out  with  equal  prominence  on  each  sida 
If  there  be  paralysis  on  one  side,  the  muscles  on  that 
aide  will  fail  to  become  prominent.  On  opening  the 
mouth  the  jaw  deviates  towards  the  paralysed  side, 
being  pushed  over  by  the  healthy  external  pterygoid 
muscles.  The  condition  of  the  tensor  tympani  muscle 
cannot  be  satisfactorily  examined  except  by  noting 
whether  there  is  any  difficulty  in  hearing  notes  of  a 
particular  pitch — i,e.  a  diminution  in  the  "  field  of 
hearing." 

2.  Sensory  fuDCtiona — The  oommon  sensi- 
bility of  the  area  supplied  is  tested  in  the  usual 
way  (p.   469). 

Tasle.— In  suspected  lesions  of  the  fifth  nerve 
the  sense  of  taste  should  Eitways  be  esamined.  It 
seems  probable  that  all  the  tiiiate  fibres  eventually 
reach  the  brain  in  the  fifth  nerve.  The  taste  fibres 
from  the  anterior  two-thirds  of  the  tongue  pass  from 
the  lingual  nerve  to  the  chorda  tympani,  thence  to 
the  facial,  thence  by  the  great  superficial  petrosal  to 
Meckel's  ganglion,  and  thence  to  the  second  division 
of  the  (ifth. 

The  taste  fibres  from  the  posterior  third  of  the 
tongue  enter  the  glossopharyngeal  nerve,  leave  it  in 
the  nerve  of  Jacobson,  reach  the  tympanic  plexus, 
and  thenoe  by  the  small  superficial  petrosal  and  otic 
ganglia  arrive  at  the  third  division  of  the  fifth. 

Once  the  taste  fibres  have  entered  the  brain  their 
exact  couree  becomes  doubtful.  There  is  no  doubt 
that  they  reach  the  posterior  part  of  the  internal  cap- 
aale,  &nd  bj  that  time  they  have  already  decussated. 
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It  is  probable  that  they  end  in  the  tip  of  the  temporo- 
aphejioidal  lobe. 

How   to   test    tbe   sense    of   tnslc. — Have 

Home  sugar,  some  qninine,  and  some  salt,  all  m 
powder.  Ask  the  patient  to  put  out  hia  tongue  and 
to  keep  it  out  until  the  conclusion  of  tbe  test.  Place 
some  sugar  on  the  tongue,  rub  it  gently  in,  and  ask 
Itim,  "  Is  tlmt  salt  1 "  If  taste  is  normal  he  vill  shake 
liis  head.  In  this  way  all  the  substances  are  tried, 
lirst  on  the  anterior  part  of  tbe  tongue  and  then  at 
the  back.  A  weak  galvanic  current  in  also  a  useful 
teat.     It  should  produce  a  sort  of  metallic  taste. 

Loss  of  taste  may,  of  course,  anae  from  lesions 
of  the  taste  fibres  in  any  part  of  their  course  above 
stated. 

In  addition  to  loss  of  taste,  one  ahould  always 
ask  the  patient  whether  he  has  any  abnormal  tante 


Seventh  nerve. 

Analvmg. — Tbe  course  of  the  fibres  of  this  nerve  from 
tbe  cortical  cectre  to  the  nucleus  has  olrcadj'  been  deacnbed 
p.  3ST}.  The  nncleuB  is  rituated  in  the  poas  siUundl  to  thnt 
of  Iho  sixth  iierVQ.  Ths  fibres  nllicb  are  deatined  to  BUpply 
the  orbioukris  palpebrariun,  howwver,  poasibly  proceed  trom 
tbe  nucleuB  of  the  third,  and  those  for  the  obicularia  oris  froni 
that  of  the  twelfth  nerve.  On  leavui^  the  aucleua  the  fibres 
wind  round  the  nucleus  of  the  mitb,  and  fiaally  emerge  along 
with  the  eighth  nerve,  between  the  olive  and  restiform  bodies. 

The  nerve  lies  in  olose  oootaot  with  the  eighth,  so  that  a 
lesion  of  (he  one  at  this  part  can  hardly  avoid  injuring  the 
other,  and  enters  the  internal  auditory  meatus  along  »iUi  it. 
During  its  course  in  the  aqueduct  of  Fsillopiua  it  gives  off  a 
branch  to  the  stapedius  muscle,  and  is  joined  by  the  chorda 
tympaoi,  which  contains  taate  fibres  from  the  anterior  two- 
thirds  of  the  tongue.  la  this  part  of  its  coone  the  nerve  is 
exposed  to  Ibe  effects  of  pressure,  owing  to  its  being  enclossd 
in  a  bony  tube.  It  emerges  at  a  point  opposite  the  junction  of 
the  anterior  border  of  the  mastoid  with  the  ear,  and  spreads 
•  ihe  side  of  the  face  to  supply  its  muscles.  In  this  part 
.. ._  ,. f.   -•- liable  td  u,g  gffg^  oi 


to  supply  iti 
e  .peculiarly 
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FKBctiAMS. — ^Tbe    sereutK    is    a    purely 
nerve.      Il  aipplies  all   the   masclea   of  the  face 
scalp,  exc«^t   the  lev&tor   paJpebne  saperioris. 
ftlso  supplies  the  platrfsma.* 

EVects  or  paralfsis. — These  are  usually 
once  seen  on  lookiiig  at  the  patient.  The  affected 
side  of  the  face  has  lost  its  expresaion.  The  naso- 
labial fold  is  less  pronounced  than  on  the  other  side! 
The  furrows  of  the  brow  are  smoothed  out,  the  eyo  is 
niore  widely  open  than  the  other,  and  the  mouth  is 
Bomewhat  drawn  to  the  healthy  side.  The  patient  is 
unable  to  whistle,  and  food  is  apt  to  collect  between 
hU  teeth  and  his  guras. 

Row  to  lest  tile  seventh  nerve. 

I.  Ask  the  patient  to  shut  hia  eyes  as  tightly  as 
ever  he  can.  Note  that  the  affected  eye  is  either  not 
closed  at  all — in  which  case  the  eyeball  rolls  upwards 
to  make  up  for  the  failure  of  the  lid  to  descend— or, 
if  the  eye  is  closed,  the  eyelashes  are  not  so  far  rolled 
in  as  on  the  healthy  sida  Try  also  forcibly  to  open 
the  eyes  while  the  patient  attempts  to  keep  them 
closed.  If  the  orbicularis  is  acting  normally,  it 
should  be  almost  inipossiljle  to  open  the  eye  against 
the  patient's  wish.  If  the  inuHcle  be  partially 
paralysed,  however,  the  exertion  of  very  little  forco 
may  suffice  to  open  it. 

The  effort  made  in  screwing  the  eyes  tightly  shut 
causes  the  corners  of  the  mouth  to  be  drawn  upwards. 
Ill  pai-alysis  of  the  lower  part  of  the  face  the  corner 
on  tbe  affected  side  is  either  not  di'awti  up  nt  all,  or 
al  all  everts  not  so  much  as  on  the  healthy  Kide. 

^.  Ask  the  patient  to  whistle.  He  is  unable  to 
do  so. 

3.  Aak  him  to  smile  or  show  his  upper  twili. 
TliB  mouth  is  then  drawn  to  the  henlthy  side. 
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Si^Ofts  ot  paralysis  of  the  facial  nerve 
in  different  parts  of  its  course. 

Paralysis  of  the  seventh  nerve  produces  different 
symptoms  according  as  the  lesion  is  situated  above 
the  nucleus  or  either  at  the  nucleus  or  below  it. 
The  former  constitutes  what  is  known  as  cerebral 
or  supranuclear  facial  paralysis,  the  latter  produces 
peripheral  or  infranuclear  paralysis. 

The  chief  difference  between  the  two  forms  is  that 
in  supranuclear  paralysis  the  lower  part  of  the 
face  is  chiefly  affected  ;  in  infranuclear  paralysis 
both  the  upper  and  lower  parts  are  equally  in.volved. 
The  probable  explanation  of  this  is  tliat  the  two  or- 
bicularis palpebrarum  muscles  are  so  often  required 
to  act  together  that  each  is  supplied  from  both  sides 
of  the  brain,  and  consequently  a  unilateral  lesion 
only  partially  cuts  off  the  nerve  impulses  to  one  side. 
We  have  already  described  what  is  meant  by 
"  crossed  paralysis,"  and  the  part  which  the  facial 
plays  in  it. 

Infranuclear  facial  paralysis  may  be  pro- 
duced by  a  lesion  of  the  nucleus  itself,  of  the  nerve 
trunk  inside  the  aqueduct,  or  of  the  nerve  trunk 
either  after  its  emergence  from  the  aqueduct  or 
before  it  has  entered  it. 

A  lesion  inside  the  aqueduct — unless  it  be  to- 
wards the  outer  end  of  the  latter — involves  the  fibres 
of  the  chorda  tympani,  and  therefore  produces  a 
paralysis  of  taste  sensation  in  the  anterior  two-thirds 
of  the  tongue.  A  lesion  in  any  of  the  other  situa- 
tions produces  a  typical  complete  facial  paralysis 
(Bell's  paralysis). 

A  lesion  of  the  nerve  before  it  has  entered  the 
aqueduct  can  be  distingidshed  from  a  lesion  below 
the  stylo-mastoid  foramen  by  the  fact  that  in  the 
former  condition  the  stapedius  muscle  is  paralysed 
(causing  excessive  sensitiveness  to  loud   sounds,   or 
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hyperaciiais  "),  while  in  the  tatter  it  escapes.  Nevar 
omit,  therefore,  in  a  case  of  facial  paralysis  to  inquire 
regardirg  the  patient's  aenaitiveceaa  to  loud  aounda. 

The  practical  deductioa  from  these  facts  is  that 
in  eEaminiDg  a  case  of  facial  paralysis  one  should 
never  omit  to  investigate  the  taste  sensibility  of  the 
anterior  part  of  the  tongue. 

Lesions  of  the  nucleus  or  nerve  below  it  will 
result  in  atropliy  of  the  facial  muscles  and  the  ap- 
pearance in  them  of  the  reaction  of  degeneration 
supranuclear  lesions  do  not  produce  this  effect. 

Abnormal  facial  movements. — The  muBcles 
supplied  by  the  facial  nerve  are  frequently  affected  by 
spasmodic  movements.  These  may  iiiTolve  all  the 
facial  muscles  or  groups  of  them  only'.  The  spasm 
may  be  of  eitlier  the  clonic  or  tonic  variety  (p.  464). 
TLe  nature  of  the  movements,  if  present,  their  extent 
and  the  muscles  affected  by  them,  should  always  be 
carefully  noted. 

Clgbth  Nerve  (auditorf). 

Anatomy. — This  nerve  caoBUta  of  two  sete  of  filires.  One 
set  sup]ilies  tbe  coohlea,  and  eubscTvea  Che  futii'tion  of  huBrinfj; ; 
the  other  pjirt  eiippliea  thci  ventibiile  and  sumidi'iiular  umal. 
Had  in  thB  nervo  vi  eiiuiJibration.  The  auditory  fihroB  ktIib 
frum  s  nuolous  which  is  meaially  placed  in  the  flour  of  tha 
fourth  ventricle.  They  emarffe  doraallv  to  the  redifoim  body, 
forming  the  dursal  root  of  the  nighlh  nerve.  The  fibres  tor 
equilibration  take  origin  in  a  nucleua  placed  laterBUy  to  tha 
other,  and  Bmerga  on  tha  ventral  oapect  of  the  roatiforra  body 
forming  (he  ventral  root  of  the  eiglilh  nervB.  The  two  joots 
join,  and  the  GbreB  run  together  to  the  bottom  of  the  internal 
auditory  meatuB,  where  tbey  separate,  to  be  dietriboted  to  tho 
dilFerent  parta  of  tlie  inner  car, 

Tha  uortit^  (^ntre  for  hearing  is  in  the  first  and  eeoond 
tem^oro-sphenoidal  convolutions  of  the  opposite  bemiaphera. 
The  exact  course  of  the  fibres  between  the  nuolcua  and  the 
cortes  ia  unltnowu. 

The  cortital  centre  for  the  Bbrea  of  oquilibntioa  is 
y  situated  in  thu  cerebeltum,  but  as  b>  tbat  nothing  is 
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Test.  1.  Ilearing. — Before  testing  &  patient's 
power  of  hearing  it  ia  well  to  exclude  the  preaenee  of 
wax  in  the  ear  (me  p.  517).  This  being  diepoaod  of, 
one  can  teat  the  liearing  power  by  memia  of  a  watch. 
Stanrl  behind  the  patient  and  ask  him  to  shut  bis 
eyes.  Begin  outside  the  probahle  range  of  hearing 
power  and  biing  the  watch  gi'adually  nearer  tbe  ear, 
asking  the  patient  to  speak  whenever  he  hears  the 
tick.  One  requires,  of  course,  to  know  at  what  dis- 
tance the  tick  should  be  audible  by  a  healthy  ear.  It 
is  necessary  to  test  each  ear  separately,  one  being 
closed  whilst  the  other  is  being  esamined. 

If  impairment  of  heaving  be  detected,  one  must 
next  try  to  ascertain  whether  it  ia  really  dne  to 
disease  of  the  auditory  nerve  or  merely  to  some 
affection  of  the  middle  ear.  In  order  to  settle  this 
point,  the  Inniug  fork  test  may  be  employed. 
Strike  a  tuning  fork  and  place  the  end  of  it  against 
the  centre  of  the  patient's  forehead.  If  the  deafnoaa 
discovered  by  the  watch  is  due  to  an  affection  of 
the  miiltlie  ear,  the  patient  will  hear  the  tuning  fork 
louder  on  that  side  than  on  the  healthy  one.  On 
the  othe['  hand,  if  the  deafness  is  due  to  disease 
of  the  auditory  nerve,  the  tuning  fork  will  only  bo 
hoard  on  the  healtiiy  side.  The  test  may  also  be 
carried  out  by  means  of  the  watch.  In  affections  of 
the  nerve,  the  watcli  is  not  heard  even  when  pressed 
against  the  ear;  in  disease  of  the  middle  enr,  it  ia 
heard  even  more  loudly  than  when  similarly  applied 
to  tbe  healthy  side.  'The  explanation  of  these  facts 
ia  not  yet  clearly  made  out,  nor  are  they  invariably 
trustworthy.  They  hold  good,  however,  for  a  majority 
of  CMOS.  Other  points  in  favour  of  the  deafness 
being  due  to  the  nerve  and  not  to  the  middle  ear  are, 
(a)  if  the  hearing  is  better  in  a  quiet  place,  [b)  if 
conversation  is  heard  better  than  the  watch,  {e)  if 
lation  of  the  middle  ear  renders  the  hearing  woib^ 
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HndliarT      sensatjons.  —  The 

jiatient  may  complain,  of  "  ringing  in  the  ears,"  or 
tinnitus.  The  precise  character  of  the  sound  varies 
in  different  cases.  It  may  be  of  a  humming,  buzzing, 
hammering,  or  whistling  character.  The  preaence  or 
atisence  of  this  symptom  shoulil  always  be  inquired 
for,  and  whether  it  is  constantly  present  or  in  what 
circumstances  it  comes  on. 

HypertEsthesia  of  the  auditory  nerve  (iiyper- 
itrusis),  by  which  even  slight  sounds  are  heard  with 
painful  intensity,  sometimes  occurs,  especially  in 
hysteria  and  in  lesions  of  the  facial  nerve  above  or 
in  the  aqueduct  owing  to  paralysis  of  the  stajiedius 
muscle. 

Ilailncinatious  ot  sound  may  also  be  present, 
the  patient  fancying  that  he  hears  voices,  hells,  etc. 
The  presence  of  these  points  to  an  affection  of  the 
cerebral  cortex. 

2.  Equilihralion— This  seose  cannot  be  con- 
veniently tested  clinically.  Disorders  of  it  produce 
vertigo.  The  patient  will  describe  this  as  giddiness 
or  di^cziness.  In  order  to  constitute  true  vertigo, 
external  objects  should  seem  to  move  round  him. 
Ask  if  this  is  so,  and,  if  it  is,  in  what  direction  the 
objects  seem  to  move.  Ask  also  whetlier  the  vertigo 
evor  causes  him  to  fall  to  the  ground. 

Yortigo  may  be  due  to  paralysis  of  one  of  the 
ocular  muscles,  to  an  affection  of  the  ear  or  auditory 
nerve,  to  loss  of  muscular  or  common  sensibility, 
especially  in  the  lower  extremities,  or  to  an  affection 
of  the  stomach.  Wiien  a  patient  complains  of 
vertigo  as  hia  chief  symptom  one  should  therefore 
examine  carefully  for  a<]uint,  for  disease  of  the  out«r 
and  middle  ear,  and  for  signs  of  disease  of  the  eighth 
nerve.  One  should  also  investigate  the  condition  of 
muscular  and  common  sensibility,  and  inquire  for 
ajanptoms  pointing  to  gastric  disturbaaoe. 
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The  nfntli  (Klossopbaiyng^eal),  tentli 
(vag^us)  and  eleventh  (spinal  accessory) 
nerves. 

Anatwmy. — These  arise  in  order  from  above  downwards 
from  an  elongated  nucleus  in  the  floor  of  the  fourth  yentride. 
The  ninth  has  also  an  ascending  root,  beginning  as  low  down 
as  the  fourth  cervical  segment.  They  emerge  by  several  roots 
along  the  lateral  aspect  of  the  medulla,  beginning*  above  in 
the  groove  between  the  olive  and  restiform  b^ies.  The  spinal 
part  of  the  eleventh  emerges  from  the  lateral  column  of  the 
cord,  beginning  as  low  as  the  sixth  cervical  nerve ;  it  passes 
up  through  the  foramen  magnum  to  join  the  medullary 
(accessory)  part,  and  emerges  with  it  through  the  jugular 
foramen.  After  its  emergence  the  two  divisions  of  it  again 
part  company,  the  medullary  or  accessory  portion  joining  the 
vagus. 

Functions. 

The  ninth  (globsopharyngeal)  is  sensory  for  the 
posterior  third  of  the  tongue  and  for  the  mucous 
membrane  of  the  pharynx.  It  is  motor  for  the 
middle  constrictor  of  the  phaiynx  and  for  the  stylo- 
pharyngeus.  It  contains  in  part  of  its  course  the 
taste  fibres  for  the  posterior  part  of  the  tongue 
(Bee  p.  446). 

Hoiv  to  test  the  g^Iossopharyng^eai. — ^The 
ninth  nerve  is  rarely  paralysed  alone.  Paralysis  of  it 
can  only  be  diagnosed  by  examining  its  sensory  func- 
tions. Examine  the  power  of  taste  in  the  posterior 
part  of  the  tongue  (p.  447).  Loss  of  it  may  mean 
paralysis  of  the  trunk  of  the  glossopharyngeal 
nerve.  In  root  affections  of  the  nerve,  taste  is  not 
implicated,  as  the  taste  fibres  enter  the  brain  by 
the  fifth. 

Tickle  the  back  of  the  pharynx,  and  note  if  the 
reflex  is  present. 

The  tenth  (vagus)  is  motor  for  the  soft  palate 
(with  the  exception  of  the  tensor  palati),  pharynx, 
and  larjmx.  It  is  also  sensory  and  motor  for  the 
respiratory  passages,   the  heart,  and    (through   the 
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flympathetic    ganglia)    for  most    of    the  abdotnii 

The  fibres  for  the  soft  palate  take  origin  in  the 
nucleus  ambiguuB,  emerge  in  the  upper  roots  of  the 
eleventh,  reach  the  pharyngeal  plesiia,  and  thence 
pass  to  the  niusclea  of  the  palnte  and  oonstrictoi-B  of 

The  motor  fibres  for  the  larynx,  the  viacero-ruotor, 
and  the  cardio-inhibitory  fibres  are  really  derived 
from  the  medullary  or  accessory  part  of  Uie  apinal 
accessory,  which,  as  we  have  mentioned  (p.  153),  joins 
the  vagus  just  after  emerging  from  the  skull. 

How  to  test  the  vagus— Paralysis  of  the 
vagus  is  chiefly  evidenced  in  its  palatine  and  laryn- 
genl  tranches. 

1.  The  palate. — Aak  the  patient  whether  he 
is  troubled  with  the  regurgitation  of  fluids  through 
hia  nose  when  he  tries  to  swallow.  This  is  a  common 
occurrence  in  total  paralysis  of  the  soft  paliite,  owing 
to  defective  elevation  of  it  during  swallowing.  For 
a  similar  reason  the  patient  is  unable  to  pro- 
nounce words  which  require  complete  closure  of  the 
nasopharynx.  Thus  "egg"  becomes  "eng,"  "rub" 
hecomes  "mm,"  and  so  on.  In  unilateral  ]iaraIyBia 
these  symptoms  are  not  observed. 

For  direct  examination  of  the  soft  palate  place 
the  patient  facing  the  light  with  hia  mouth  open,  and 
introduce  a  tongue  dept'essor.  The  position  of  the 
uvula  is  quite  unreliable  as  a  guide  to  the  state  of 
the  soft  palate.  Deviation  of  it  is  not  unconimoQ 
even  in  health.  One  must  watch  the  movenienta  of 
the  palate  during  phonation.  Ask  the  patient,  there- 
fore,  to  say  "  Ah,"  and  observe  whether  both  sidea  of 
the  palate  arch  upwards ;  in  health  a  sort  of  depres- 
sion appears  in  the  centre  of  the  palate  when  the 
pktient  says  "  Ah."  If  one  side  is  paialysed  that 
side  will  remain  Hut  and  immohile,  and  the  modisa, 
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raph^  will  be  pulled  towards  the  other  side.*  In 
bilateral  paralysis  the  whole  palate  remains  motion- 
less. 

2.  The  larynx. — The  superior  laryngeal  branch 
of  the  vagus  is  sensory  for  the  larynx  above  the  level 
of  the  true  cords,  and  is  motor  for  the  cricothyroid 
muscle.  Unilateral  paralysis  of  the  nerve  does  not 
produce  any  symptoms.  Bilateral  p^:ulysis  causes 
the  vocal  cords  to  be  relaxed.  The  voice  is  therefore 
hoarse  and  deep,  and  the  utterance  of  high  notes 
impossible. 

The  recurrent  laryngeal  branch  supplies  sensation 
to  the  larynx  below  the  level  of  the  cords,  and  motor 
fibres  to  all  the  laryngeal  muscles  except  the  crico- 
thyroid. Paralysis  of  it  leads  to  appearances  which 
are  recognised  by  the  laryngoscope,  and  are  described 
at  p.  525. 

The  eleventh. — The  accessory  part  of  this  nerve 
gives  to  the  vagus  its  motor  fibres  for  the  larynx  and 
pharynx.  Lesions  of  the  accessory  part,  therefore 
before  its  junction  with  the  vagus  may  give  rise  to 
laryngeal  paralysis.  The  spinal  part  of  the  nerve 
dips  below  the  stemo-mastoid  muscle  about  one  inch 
below  the  tip  of  the  mastoid  process,  and  emerges 
from  underneath  that  muscle  again  at  about  the 
middle  of  its  posterior  border.  It  supplies  the  stemo- 
niastoid  and  trapezius,  which  are  also  supplied  by 
twigs  from  the  cervical  plexus.  Lesions  of  the  eleventh 
nerve,  therefore,  lead  to  paralysis  of  these  muscles. 

Hour  to  test  the  spinal  accessory — 
Paralysis  of  the  upper  part  of  the  trapezius  is 
evinced  by  asking  the  patient  to  shrug  his  shoulders 
while  the  observer  otFers  passive  resistance  by  press- 
ing on  the  shoulders  from  behind.     Paralysis  of  the 

*  The  manner  in  whicli  the  palate  rises  in  such  a  case  has 
been  compared  to  the  ascent  of  a  curtain  of  which  one  string  is 
broken. 
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stemomastoid  causes  difficulty  in  rotation  of  the  ohin 
towards  the  opposite  side. 

The  tn'elftli  or  liypoglossnl  uerrc. 

ATiatDtaj/. — The  twelfth  nerve  arises  from  a  ducIhuh  in  the 
lower  psrt  of  the  floor  of  the  Fourth  venhiclo,  close  to  the 
middle  line.  It  emei^es  between  the  anterior  pyramid  and 
the  olive.  It  ia  a  purely  motor  nerre,  supplying  the  tongue 
and  the  deprelBora  of  the  hyoid  bone.  Its  cortical  centre  is  in 
tha  loner  part  of  the  asL'endiag  (rental  eonvolntion. 

Test.— Ask  the  patient  to  put  out  his  tongue  as 
far  as  poasible.  If  the  hypoglossal  is  paralysed  the 
tongue,  instead  of  being  protruded  straight,  is  pushed 
over  to  the  pai-alysed  side.  Be  cureful  not  to  mistake 
an  ap]iarent  deviation  of  the  tongue,  really  due  to  the 
moutli  being  twisted  to  one  side,  for  a  real  deviation 
of  it.  Such  an  appiirent  deviation  occurs  in  fa>cial 
paralysis.  Ask  liirii  also  to  move  his  tongue  from 
side  to  side,  and  to  lick  each  oheek  with  it ;  observe 
whether  he  can  do  ao  freely.  Note  whether  there 
is  any  wasting  of  the  tongue,  and  whether  there  be 
any  tremor  or  fibrillary  twitching  in  it.  The  presence 
of  wasting  indicates  that  the  lesion  is  either  nuclear 
or  infranuclear, 

Paralj'Bis  of  the  cervical  sympathetic  may 
be  conveniently  considered  here.  A  complete  de- 
scription of  the  functions  and  distribution  of  the 
nerve,  however,  is  not  necessary  in  such  a  work  as 
this.  For  purposes  of  diagnosis  the  fibres  supplied 
to  the  eyeball  are  Edone  of  importance.  These  prob- 
ably take  origin  in  the  anterior  part  of  the  floor  of 
the  aqueduct  of  Sylvius,  pass  down  the  cervical  cord 
to  B.  centre  in  the  lower  cervical  and  npper  dorsal 
regions  (cilioapinal  centre),  from  which  the  fibres 
emerge  in  the  last  cervical  and  lirat  dorsal  nerve 
roots  and  pass  to  the  sympathetic  cord  by  the  rami 
communicantes.  From  the  cervical  synipathetio  cord 
the  Bhrm  pass   along  the   internal   carotid    to  the 
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cayemons  plexus,  and  thence  vi6L  the  ophthalmic 
division  of  the  fifth  to  the  eyeball.  They  convey 
the  impulses  which  cause  dilatation  of  the  pupil,  and 
supply  also  the  unstriped  muscle  in  the  insertion  of 
the  levator  palpebrse  into  the  upper  lid.  Paralysis  of 
the  cervical  sympathetic  is  recognised  by  the  follow- 
ing signs  : — Some  recession  of  the  eyeball,  so  that 
the  eye  looks  smaller  than  its  fellow  ;  slight  drooping 
of  the  upper  lid,  due  to  paralysis  of  the  unstriped 
muscle  fibres  contained  in  it ;  contraction  of  the 
pupil  with  absence  of  dilatation  on  shading  the  eye, 
or  on  instillation  of  cocaine ;  abolition  of  the  cilio- 
spinal  reflex ;  absence  of  sweating,  even  after  the 
use  of  pilocarpin,  on  the  corresponding  half  of  the 
head  and  neck  both  in  front  and  behind  extending 
as  low  as  the  third  rib  and  third  dorsal  spine,  and 
over  the  whole  of  the  upper  limb  on  the  same  side. 

SECTION  IV.— MOTOR  FUNOTIONa 

In  investigating  the  motor  functions  of  a  patient, 
one  has  to  satisfy  himself  on  four  separate  points — 

I.  Is  there  any  muscular  paralysis  or  weakness? 

II.  Can  the  patient  co-ordinate  his  actions  nor 
mally  %  * 

III.  What  is  the  state  of  nutrition  of  his  muscles  1 

IV.  Is  there  any  abnormal  muscular  movement 
present  ? 

I.  Investigation  of  motor  poiver.  — The 
first  thing  to  be  noted  as  regards  the  patient's  volun- 
tary power  is  whether  or  not  he  is  capable  of  per- 
forming gross  muscular  movements.  Can  he  walk  ] 
Can  he  sit  up  in  bed  ]  Can  he  move  each  of  his 
limbs  as  a  whole  ? 

These  main  points  having  been  determined,  it 
may  be  necessary  to  investigate  the  principal  muscles 
and  groups  of  muscles  separately. 

The  general  rule  for  one's  guidance  in  this  in- 
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vestigation  is  to  ask  the  patient  to  throw  into  action 
the  particular  muscle  or  group  of  niusclea  which  one 
wishes  to  test,  whilst  the  observer  offers  to  thut 
action  a  greater  or  less  degree  of  passive  resistance. 
The  following  is  the  method  of  procedure  for  the 
chief  muscles  which  one  wishes  to  t«8t : — 

1.  Upper  limb. 

Flexora  of  fingers. — Ask  the  patient  to  squeeze 
your  hand.  If  a  record  of  the  power  of  grasp  be 
desired,  which  can  be  compared  with  the  result 
yielded  in  similar  circumstances  on  another  occasion, 
one  should  make  uee  of  the  dynamometer. 

Interossei  and  liJ/mbricaiet. — Paralysis  of  these 
muscles  gives  rise  in  cases  of  some  standing  to  a 
peculiar  position  of  the  hand  known  as  '*iDnin 
ea  giifle'*  or  claw-hand.  The  above-mentioned 
muscles  produce  flexion  of  the  first  phalanges  on  the 
metacarpals  and  extension  of  the  other  two  phalanges. 
Paralysis  of  them  produces,  hy  over-action  of  tlieir 
opponents,  overextension  of  the  first  phalanges  and 
flexion  of  the  other  two.  The  Augers  are  also  slightly 
separated  from  one  another.  Claw-hand  occurs  in 
some  cases  of  progressive  muscular  atrophy;  and, 
in  a  partial  form,  in  paralysis  of  the  ulnar  nerve. 
Claw-foot  is  an  analogous  condition. 

Opponens  pollicia. — Ask  the  patient  to  touch  the 
tip  of  his  little  finger  with  the  point  of  his  thumb. 

Add'ietor  of  ihumh. — Ask  the  patient  to  gruap  a 
book  between  the  forefinger  and  thumb,  keeping  the 
thumb  and  tingevs  in  the  same  plane. 

Flexort  of  virist.—The  hAoA  being  held  with  the 
palm  upwards,  aak  him  to  bring  the  pointe  of  bia 
fingers  towards  the  front  of  the  forearm. 

Btfiensor»  o/wrist. — The  hand  being  hold  with  the 
palm  downwards,  the  ol>aerver  grasps  the  patient's 
wrist  and  asks  him  to  !iend  the  baud  u|)  liackwards 
ff  At  as  possible.     If  he  is  unable  U)  produce  dorat- 
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flexion  of  the  wrist  some  weakness  or  paralysis  of  the 
extensors  is  present. 

Slight  weakness  of  the  extensors  of  the  wrist  may 
be  elicited  by  asking  the  patient  to  grasp  something 
firmly  in  his  hand.  If  the  extensors  are  weak  the 
wrist  becomes  flexed  as  he  does  so,  owing  to  the  flexor 
muscles  getting  the  better  of  the  extensors. 

Weakness  or  paralysis  of  the  extensors  of  the 
wrist  leads  to  the  condition  known  as  wrist-drop. 

Supinator  longus. — Place  the  arm  midway  between 
the  prone  and  supine  positions ;  then  ask  the  patient 
to  bend  up  the  forearm  whilst  the  observer  offers 
opposition  to  the  act  by  grasping  the  hand.  If  the 
muscle  be  healthy,  it  will  be  seen  and  felt  to  stand 
out  prominently  at  its  upper  part. 

Biceps, — The  patient's  elbow  being  held  against  his 
side,  ask  him  to  bend  up  the  forearm  while  opposition 
is  offered  by  grasping  the  hand  or  wrist.  If  the  biceps 
is  healthy  it  will  be  observed  to  stand  out  prominently 
as  it  contracts. 

The  Triceps  is  tested  by  asking  the  patient  to 
straighten  out  his  forearm  whilst  the  observer  endea- 
vours to  keep  it  flexed  by  means  of  passive  resistance. 

Deltoid. — Ask  the  patient  to  lift  his  arms  straight 
out  at  right  angles  to  the  trunk.  In  paralysis  of  the 
deltoid  he  is  unable  to  do  so. 

Pectorals, — Ask  the  patient  to  stretch  his  arms 
out  in  front  of  him,  and  then  to  clap  his  hands  while 
the  observer  endeavours  to  hold  them  apart.  Note 
whether  both  heads  of  the  muscle  are  thrown  into 
contraction  or  not. 

SerrcUus  magnus, — ^Ask  the  patient  to  push  against 
resistance.  In  a  healthy  condition  of  the  muscle 
its  various  digitations  will  be  seen  to  stand  out  in 
contraction,  whilst  the  scapula  will  remain  in  close 
apposition  to  the  chest  wall.  If  the  muscle  is  para- 
lysed, the  posterior  border  and  inferior  angle  of  the 
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scapula  ■will  come  to  project  more  o 
patient  pushes. 

LaMssimtts  dorsi. — Ask  the  jiatieiit.  to  clasp  hia 
hands  behind  bis  buck  while  the  observer,  !i(,andiQg 
behind  the  patient,  offers  passive  resistance  to  the 
downward  and  backward  movement,  or  grasp  the  two 
posterior  axillary  folds  and  ask  tbe  patient  to  cough. 
In  health  the  laiisaimns  can  be  felt  to  contract. 

3.  Trunk  muscles. 

Weakness  of  the  muscles  of  the  abdomen  is  in- 
dicated by  the  patient  being  unable  to  raise  himself 
in  bed  without  the  aid  of  his  arrna.*  To  test  tlie 
erector  apinai  and  muacIeB  of  the  back,  make  the 
jtatient  lie  on  his  face  and  tiy  to  raise  his  head  from 
the  bed  by  extending  tlie  neck  and  back.  If  the  back 
muscles  are  healthy,  they  will  be  seen  to  stand  out 
prominently  during  this  effort. 

The  method  of  detecting  paralysis  of  the  dia- 
phragm  has  already  been  described  (p.  253). 

The  trapezius  is  tested  in  its  upper  part  by  asking 
the  patient  to  shrug  his  shoulders  while  the  oliserver 
tiies  to  press  them  down  from  behind.  In  its  lower 
part  it  can  be  tested  by  asking  him  to  approximate 
the  shoulder  blades. 

3.  The  hcnd  muscles.^For  the  methods  of 
detecting  weakness  or  paralysis  in  the  muscles  of 
the  head,  the  reader  is  refeiTed  to  the  section  deuHiig 
with  the  investigation  of  the  Cianial  Nerves  {p.  423). 

4.  The  lower  Umb. 

The  muscles  of  the  foot  are  tested  on  the  sama 
lines  as  the  corresjionding  muscles  of  the  hand — 
passive  resistance  being  offered  to  their  action  in  each 


*  Buljiniild'B  "ri^g-up  sigii  "  coiuiatB  in  maldug  tbe  patisut 
<a  his  t>ac)[  with  the  lega  extended  and  rise  up     '" 
lUide.     In  oryanic  paxaJjaiii  of  a  l«g  the  aXa 
titaSnt,  owiug 
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Extensors  of  knee. — Bend  up  the  patient's  knee, 
and  then,  pressing  with  your  hand  on  the  sole  of  his 
foot,  ask  him  to  try  to  straighten  it  out  again. 

Flexors  of  knee, — Turn  the  patient  on  his  face, 
and  then  ask  him  to  bend  up  the  knee  whilst  the 
observer  endeavours  to  hold  it  down  by  pressing  upon 
the  back  of  the  ankle. 

Extensors  of  thigh. — The  knee  being  extended,  lift 
the  patient's  foot  off  the  bed,  and  ask  him  to  depress 
it  against  resistance.  If  the  extensors  of  the  hip  are 
paralysed  he  will  be  unable  to  do  so. 

Flexors  ofihigh, — ^The  knee  being  extended,  ask 
the  patient  to  raise  his  leg  off  the  bed. 

The  adductors  of  the  thigh  are  tested  by  abducting 
the  limb,  and  then  asking  the  patient  to  bring  it  back 
to  the  middle  line  while  passive  op|>osition  is  offered 
to  the  act.  In  a  similar  way  the  abdtictors  are  tested 
by  bringing  the  limb  across  the  middle  line,  and  then 
asking  the  patient  to  move  it  outwards  again. 

Rotators  of  the  thigh, — Turn  the  patient  on  his 
face,  and  bend  the  knee  to  a  right  angle.  Then  ask 
him  to  roll  the  leg  outwards  or  inwards  whilst  passive 
resistance  is  offered  by  grasping  the  foot. 

If,  on  carrying  out  any  of  these  tests,  a  muscle  or 
group  of  muscles  is  found  to  have  only  a  feeble  power 
of  contraction,  paresis  of  it  is  said  to  be  present. 
If  no  contraction  be  elicited  at  aU  the  condition  is 
one  of  paralysis. 

The  term  heniiplei^ia  is  applied  to  a  condition 
in  which  there  is  paralysis  of  one  side  of  the  face  and 
of  the  arm  and  leg  on  the  same  side  If  the  paralysis 
of  the  arm  and  leg  be  on  one  side,  and  that  of  the 
face  on  the  other,  the  condition  is  one  of  crossed 
paralysis.  The  term  paraple§^ia  is  applied  to  a 
paralysis  of  the  lower  part  of  the  body;  the  term 
monoplei^ia  to  a  paralysis  of  one  arm  (which  is 
therefore  characterised  as   a  brachvd   mQnoi^l<&^^&\^ 
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oae  leg  {crrvrtd  monoplegia),  or  one  side  of  the  face 
{^facial  monoplegia). 

The  dotectioii  of  paralysia^and  still  more  of 
paro^iis — in  a  patient  who  is  comatose  is  often  a  very 
difficult  matter.  It  is  to  be  observed,  however,  that 
even  in  siicba  patient  one  can  usually  detect  a  greater 
degree  of  limpness  in  the  pfiralyeed  limb.  If  the 
arm,  for  example,  be  raised  from  the  patient's  side 
and  allowed  to  drop,  it  falls,  if  it  be  paralysed,  just 
as  if  it  did  not  belong  to  the  patient ;  the  sound  e 
also  falls,  but  not  in  such  an  utterly  limp  fashion. 
The  distinction,  however,  is  often  by  no  means  eivsy, 

II  inveHtiKnlion  ormusculnr  co-ordinn- 
tion. 

By  muscular  co-ordination  is  meant  the  co-oj>era- 
tion  of  separate  muscles,  or  groups  of  muscles,  in 
order  to  accomplish  a  de&nite  act.  If  euch  co-opera,- 
tion  be  absent  or  imperfect,  the  perfoi-mance  of 
certain  acts  becomes  difficult  or  impossible,  and  the 
condition  is  then  said  to  be  one  of  incoordinaiion. 
The  term  alaxia.  or  ataxy  has  a  similar  me-aning, 

The  co-ordination  or  harmonious  action  of  groups 
of  muscles  is  the  product  of  various  factors,  amongst 
the  chief  of  which  are  sight,  the  mnscular  sense,  the 
contractihty  and  elasticity  of  the  muscles,  and  in  the 
case  of  some  acta,  at  least,  cutaneous  senfiibility.  If 
incoordination  be  present,  it  is  not  easy  to  say 
which  of  these  factors  ia  at  fault.  Nor  is  this 
necessary,  the  fact  of  incoordination  being  al!  that 
one  wishes  to  ascertain.  It  is  usual,  however,  to 
eliminate  the  sense  of  sight,  as  the  ht^lp  it  affords 
the  patient  is  so  great  that  it  might  prevent  slight 
degrees  of  incoordination  from  being  detected.  The 
eyi'S  should  therefore  be  bajidaged. 

How  to  test  co-ordination. 

1.   In  tlie  upjier  limbs. 

The  eyes  being   bandaged,   ask  the  patient 
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touch  the  point  of  his  nose  first  with  one  torefinger 
and  then  with  the  other.  Or  aak  him  to  biing  the 
points  of  the  two  forefingers  together.  If  lio  is  able 
to  do  these  things  successfully,  without  making  ran- 
dom shots,  DO  incoordination  is  present. 

Another  good  tost  of  co-ordination  in  the  upper 
limb  is  to  ask  the  patient  to  thread  a  needle.  In 
this  case,  of  course,  the  eyes  must  be  left  uncovered. 

3.  /re  the  lotoer  Hmbg. 

If  the  patient  ia  able  to  walk,  a  good  teat  for 
coordination  in  the  lower  linibs  conaista  in  asking 
him  to  walk  along  a  atraiglit  line — e.g.  a  crack 
between  two  boarda  of  the  floor,  or  the  edge  of  a 
carpet.  If  incoordination  is  present  he  wiU  soon 
deviate  to  one  side  or  the  other. 

If  he  cannot  walk,  proceed  as  follows  :  The  eyes 
being  covered,  ask  the  patient,  aa  he  lies  in  bed,  to 
touch  the  dorsum  of  one  foot  with  the  great  toe  of 
the  other. 

Another  method  is  to  leave  the  eyea  open  and 
then  to  ask  him  to  follow  with  his  toe  one's  forefinger, 
with  which  one  describea  circles  in  the  air.  If  he  is 
able  to  describe  the  circles  accurately  his  power  of 
co-ordination  ia  good. 

A  special  test  for  co-ordination  in  the  lower 
limbs  is  to  make  the  patient  stand  with  his  lieela 
together  and  his  eyes  shut,  and  to  notice  whether  bo 
stands  ateadilj  or  sways  about*  The  inability  to 
do  this,  which  exists  in  locomotor  ataxy,  is  known 
aa  Romberg*!  symptoni.  It  is  aue  in  part 
usually  to  the  absence  of  Benaation  in  the  aoles  of 
the  feet,  but  ia  found  even  when  aenaation  is  un- 
impaired. 

IXL  The  state  of  nutrition  or  the  musf^les. 

•  To  olidt  slighter  dBgrBBB  of  the  j 
ueooBsoiy  to  make  the  pahaut  itaod  o" 
bsnt 
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— This  is  gauged  roughly  by  pinching  the  i 
and  noting  whether  they  are  firm,  aa   in   health, 
waeted  and  flabby.     In  the  disease  known  as  pseudi 
hypertrophic    paralysis    some    of     the    muscles    ox 
abnormally  firm  and    larga     This  is  especially  a^ 
to  be  the  case  with  the  calf  muscles  and  the  infra 
spinati     Such  hypertrophy  must  not  be  mistaken  fa 
a  mere  increased  muscular  development.     It  is  da 
to   an   overgrowth  of    the    interstitial   tissue   of   tli 
muscle  at  the  expense  of  the  muscle  fibres,  and  i 
really  a  aign  of  dise^ase.     The  finer  indications  regt 
ing  muscular  nutrition  which  are  allbrded  by  the 
of  electrical  stimulation  are  described  in  the  sectioi 
on  the  Electrical  Examination  of  Muscles  and  Nerve 
{p.  486). 

lY.  Abnormal     mascnlar 
These  consist  of  involuntary  muscular  contractioa 
of  various  sorts.     The  first  thing  to  note  is  whetki 
the  movements  are  widespread  or  localised. 

If  they  ai-o  confined  to  one  part  of  the  body,  n< 
the  joints  at  which  the  movements  occur,  and  1 
muscles  or  groups  of  muscles  involved.  The  ten 
spasm  is  often  applied  to  any  exaggerated  vn 
involuntary  muscular  contraction.  The  contraotiq 
may  either  be  coiitinuouii,  in  which  case  it  is  said  i 
be  "tonic,"  or  there  may  be  a  series  of  short  c« 
tractions  with  coniplete  or  partial  relaxation  of  t 
muscle  in  the  intervals;  in  that  case  tliey  ai-e  spok« 
of  as  '*  clonici*' 

A  general  increase  of  "  tone "  in  the  musoles 
spoken  of  as  hypertonia  ;  a  general  diminution  1 
hypotonia.  Kcrnig's  bIku  is  a  phenomenon  4 
pending  upon  the  existence  of  an  increAsed  tonnl 
In  order  to  elicit  it  as  originally  described  by  i 
discoverer*  place  the  patient  on  his  back  v ' 
(Jie  legs  relaxed  and  extended  at  the  knees. 
■  BtrUii.  Khn.  Woeh.,  No,  tt,  1S84. 
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FBising  him  to  u  sitting  posture  the  knees  become 
llexed,  and  cannot  tie  straightened  when  he  is  agu,in 
laid  upon  liis  back,  owing  to  a  strong  contraction  of 
the  hamstrings.  The  sign  is  more  commonly  elicited 
now  by  Hexing  the  thigh  to  almost  a,  right  angle,  and 
then  trying  to  extend  the  knee  (Fig.  129),  whilst  the 
other  leg  is  kept  flat  upon  the  bod.  If  a  positive  result 
iB  obtained  the  hamstrings  iire  tlirown  into  contraction. 


g  sign  ta  present  in  about  85  per  cent,  of 
IS  of  meningitis,  but  baa  also  been  found  occa- 
sionally in  cerebellar  hsemorrhage  and  other  condi- 
tions at  the  base  of  the  brain.  It  commonly  co- 
exists with  cervical  opisthotonos. 

The  term  coDtractore  or  rigidity  is  usually 
applied  to  that  continuous  spasm  of  groups  of  muaclea 
often  observed  in  cases  of  paralysis  due  to  cerebral 
lesions.  It  ia  doubtful,  however,  whether  this  is  a 
true  moBOular  contraction. 


466  y^Exrccs  System. 

Tetanic  spaam  is  ol^erred  in  its  oompleteat  fonn 
in  tetanus,  siiychnine  poisoning,  hTJn>|Jiobiay  mnd 
some  forms  of  hysterical  fit&  It  may  lead  to  a  bend- 
ing of  the  whole  body  hackwards  (opUiAoUmog)  or 
sideways  (pfeurotihoionoa)  or  forwards  {etnproMo- 
Umos). 

The  term  tetaiBj  is  applied  to  a  pecaEar  form  of 
tonic  spasm  afiecting  the  hands  and  feet.  The  fing^s 
are  pressed  together,  flexed  at  the  metacarpo-phalan- 
geal  joints,  bnt  extended  at  their  phalangeal  ajticala- 
tions.  The  thumb  is  tucked  in  under  cover  of  the 
lingers.  The  hand  therefore  assumes  a  conical  shape, 
and  is  sometimes  said  to  be  in  the  "obstetric  posi- 
tion,'' that  being  the  position  in  which  the  accoucheur 
holds  his  hand  when  introducing  it  into  the  vagina. 
The  wrist  is  also  flexed.  In  the  foot  one  finds 
marked  flexion  of  the  toes  and  anterior  part  of 
the  foot,  sometimes  also  of  the  ankle.  Tetany  is 
chiefly  a  diseaj^e  of  infancy,  but  is  sometimes  met 
with  in  adults  who  have  dilatation  of  the  stomach. 

Clonic  spasms  are  of  various  degrees  of  severity. 
If  very  widespread  they  are  spoken  of  as  convul- 
sions, and  are  seen  typically  in  epilepsy.  If  the 
patient  gives  a  history  of  fits,  their  character  should 
be  inquired  into,  following  the  lines  laid  down  on 
p.  10.  Should  the  observer  be  fortunate  enough  to 
witness  an  attack  he  should  note  : — 

1.  The  nature  and  distribution  of  the  movements. 
— Are  they  general  or  confined  to  one  limb  or 
part  of  a  limb]  What  part  is  first  and  what  last 
aflected  ?  Are  the  convulsions  tonic  or  clonic )  Is 
there  any  struggling,  arching  of  the  back,  or  attitud- 
inising? Are  the  abdominal  muscles  involved  or 
not! 

2.  Is  there  any  viwohmtary  evacuation  of  the 
bladder  or  rectum  ?  Is  there  any  blood  or  froth  about 
the  mouth  ? 
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3.  TJie  state  0/  the  eyes. — Is  the  conjunctival  reflex 
present  or  abolished  1  Do  the  pupils  re-act  to  light  ? 
Is  there  any  inco-ordinate  movtment  of  the  eyeballs? 

4.  How  does  the  patient  behave  after  the  Jit  ? 

If  one  group  of  muscles  is  first  affected,  the  spasm 
spreading  to  others  by  degrees,  it  indicates  a  spread 
of  the  irritation  along  the  surface  of  the  cortex 
cerebri,  and  occurs  typically  in  Jacksonian  epilepsy. 
The  mildest  variety  of  clonic  muscular  contraction  is 
termed  tremor. 

Tremor  may  be  either  ^ne  or  coarse.  Fine  tremor 
is  usually  more  easily  felt  than  seen.  It  occurs  in 
exophthalmic  goitre,  alcoholism,  and  in  some  forms  of 
metallic  poisoning.  All  forms  of  tremor  are  most 
easily  seen  by  increasing  the  leverage  at  which  the 
aflected  muscles  act.  Thus  tremor  of  the  upper  limbs 
is  often  brought  out  by  getting  the  patient  to  extend 
his  arms  in  front  of  him.  In  describing  tremor, 
always  note  whether  it  is  constantly  present  or 
whether  it  is  affected  in  any  way  by  voluntary 
muscular  action.  Ask  the  patient  to  lift  a  glass  of 
water  to  his  lips,  or  to  attempt  to  follow  the  move- 
ments of  your  finger,  and  note  whether  the  tremor  is 
increased  thereby  (as  it  is,  for  example,  in  cases  of 
disseminated  sclerosis),  or  whether  it  is  diminished  or 
altogether  abolished. 

Tremor  which  only  comes  on  when  the  patient 
attempts  to  use  the  affected  muscles  is  sometimes  de- 
scribed as  "  intention  '*  tremor. 

Clonic  contraction  of  individual  fibres  or  bundles 
of  fibres  in  a  muscle  is  termed  fibrillary  twitching. 
It  is  seen  in  many  cases  of  progressiye  muscular 
atrophy,  and  indicates  an  abnormal  state  of  nutrition 
in  the  spinal  cells  connected  with  the  affected  fibres. 

The  term  choreic  is  applied  to  involuntary 
movements  of  a  purpose-like  character  occurring  in 
individual  muscles  or  groups  of  muscles.     Such  moy^ 
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ments  are  seen  most  typically  in  cborea  r 
St.  Titus's  dance,  Tliey  consist  ai  abrupt  involuntary 
twitcliings  or  contractions  which  cause  the  patioiit 
(naually  a  childj  to  geem  fidgety  and  unsettled.  They 
ore  increaaed  Dy  mental  agitation,  but  are  often 
dimiiiished  by  voluntary  muscular  eti'ort.  If  the 
movements  are  limited  to  one  side  of  the  body  the 
I    term  Ae??iicAorea  is  applied. 

b  Choreic  movenienta,  if  slight,  can  be  elicited  in 
■  two  ways.  Firstly,  one  may  aak  the  patient  to  hold 
"  fcih  hands  straight  up  above  the  head  ;  or,  secondly, 
one  may  ask  him  to  spread  out  his  hands,  palms 
downwards,  on  the  extended  hands  of  the  observer. 
In  the  former  case  it  may  be  observed  that  the 
[latient  is  unable  to  hold  up  his  hands  steadily  for 
any  length  of  time ;  in  the  latter  one  may  notice  that 
little  twitchy  movements  soon  become  evident  in  the 
patient's  fingers. 

If  the  patient  is  able  to  write  at  all,  one  may 
get  liim  to  scrawl  his  name  with  the  affected  hand, 
and  keep  the  result  for  purposes  of  comparison  later. 
In  this  way  one  is  able  to  f^auge  any  increase  or 
diminution  in  the  choreic  movements. 

The  last  point  to  be  noted  regarding  any  abnormal 
muscular  movement  is  whether  or  not  it  persists 
during  alee]>. 

The  term  athetosis  is  used  to  describe  a  slow 
muscular  contraction  which  leads  to  continuous  &nd 
deliberate  twisting  movements,  specially  aSecting  tha 
liands  and  feet. 

SECTION    v.— SENSORY    FUNCTlONa 

In  investigating  the  sensory  functions  of  a  patient, 
we  have  to  test  the  acut«ncss  of  the  following  forma 
of  sensibility  :— 

1.  Common  sensibility.  This  includes  the  powen 
<d  ajiprodatiiig  touch  and  preBBure. 
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2    Sensibility  to  pain. 

3.  The  temperature  sensa 

4.  The  muscular  sense. 

In  addition,  one  has  to  note  the  presence  or 
absence  of  any  abnormal  sensations. 

At  the  outset  it  is  well  to  explain  to  the  patient 
the  nature  of  the  tests  to  be  performed,  so  as  to  secure, 
as  far  as  possible,  his  intelligent  co-operation.  The 
eyes  should  then  be  bandaged,  and  the  different  forms 
of  sensibility  tested  as  follows  : — 

1.  Commoii  sensibility. 

(a)  Touch. — The  point  of  the  finger  or,  pre- 
ferably, the  feather  end  of  a  quill  pen  may  be  used  as  a 
stimulus.  For  carefully  mapping  out  areas  of  altered 
sensibility  a  small  cone  of  cotton  wool  is  best  It  is 
so  light  that  the  element  of  pressure  is  entirely 
eliminated.  A  fine  camel-hair  brush  also  answers  the 
purj>ose  very  well. 

Tell  the  patient  to  say  "  Now  "  whenever  he  feels 
a  touch.  Compare  corresponding  points  on  opposite 
sides  of  the  body,  and  employ  every  now  and  then  a 
negative  test,  asking  the  patient  if  he  feels  you  touch 
him,  in  order  to  prevent  his  making  random  replies. 
Ask  him  also  to  localise  the  stimulus  by  pointing  to 
the  exact  position  of  the  spot  touched.  This  is  im- 
portant, as  a  patient  may  be  able  to  feel  the  stimulus 
and  yet  not  be  able  to  localise  it. 

Sensibility  to  touch  may  be  altered  in  various  ways. 
(1)  It  may  be  entirely  abolished.  This  constitutes 
ansestliesia.  If  the  abolition  affects  the  whole  of 
one  side  of  the  body,  it  is  termed  IiemiaruEst/iesia,  If 
the  existence  of  anaesthesia  be  discovered,  one  must 
at  once  proceed  to  mark  out  its  exact  extent  and 
boundaries.  (2)  It  may  be  exaggerated,  so  that  what 
should  in  health  be  felt  as  a  mere  touch  produces  a 
painful  impression  resembling  pricking  or  burning. 
This  constitutes  hypersBStliesia.     If  UY)^^x^K;3^i^^^^ 
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be  discovered,  its  extent  Blioiild  be  carefnily  n 
out.     Hyperassthetic  spots  are  Bometimes  r  ^^ 

especiaUy  in  hysterical  patients.  The  commonest  sitetf 
for  these  are  over  the  brim  of  the  pelvia,  in  the  infrtk- 
mammary  rpgioo,  along  the  vertebral  column,  and  on 
tlie  aealp.  Pressure  on  such  spots  may  sometimai 
induce  hysterical  fits.  If  that  occurs,  the  spote  are 
spoken  of  as  "  hysterogenetic."  (3)  Sensation  may 
be  appreciated  well  enough,  but  there  may  be  great 
delay  in  its  conduction,  an  appreciable  interval  occur- 
ring between  the  application  of  the  stimnlns  and 
the  response  of  the  patient.  This  delayed  coii< 
duclion  exists  not  unfrequently  in  cases  of  alcohoUo 
neuritis  and  locomotor  ataxy.  (4)  The  stimulus  may 
be  badly  localised,  the  patient  believing,  for  example 
that  the  outer  side  of  a  limb  was  touched  when  ths 
stimulus  was  really  applied  to  its  inner  aspect.  Some- 
times a  touch  on  one  side  of  the  body  is  referred  to 
a  corresponding  point  on  the  opposite  side.  Tbis  i; 
termed  allocheiria. 

(6)  Pressnre. — This  is  tested  by  supporting  the 
limb  or  part  to  be  tested  in  such  a  way  as  to'eliminata, 
any  muscular  action  on  the  part  of  the  patient,  and' 
then  laying  different  weights  on  the  surface,  and 
a^iug  the  [latient  which  feels  heavier.  Difieront 
coins  of  the  same  size — e.g.  sovereign  and  farthing- 
answer  the  p'H'poae  well  enough. 

2.  Sensibility  to  pain. 

The  point  of  a  quill  pen  may  be  used  as  a  stimuIuB 
The  point  of  a  pin  or  needle  hsa  the  disadvantage  c 
being  so  fine  that  it  may  miss  the  n  "  _ 

application  of  a  faradic  current  is  also  an  excelleirf 
method  of  testing  sensibility  to  pain.     It  enables  one 
to  gauge  degrees  of  sennibUity  by  noting  what  strongt' 
of  current  is  required  to  cause  pain,  nod  then  co] 
paring  the  result  with  the  corresponding  area  on  t 
opposite  side. 
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Absence  of  the  sense  of  pain  is  termed  anal- 
i^esia;  an  exaggerated  sensibility  to  pain,. so  that  a 
mild  stimulus  produces  an  unusual  degree  of  sufferings 
is  termed  hyperalgesia* 

3.  Temperature  sense. — Use  test  tubes  of 
hot  and  cold  water.  Touch  the  part  to  be  investigated 
with  each  in  turn,  and  ask  the  patient  whether  it 
feels  hot  or  cold.  Note  whether  he  calls  hot  "  cold  " 
or  cold  "  hot,"  or  whether  he  does  both. 

It  should  be  noted  that  the  different  forms  of 
sensibility  already  mentioned  may  require  to  be  tested 
on  the  accessible  mucous  membranes  as  well  as  on  the 
skin  surfaces.  The  sensibility  of  some  viscera  is  also 
of  importance.  Thus  the  absence  of  pain  on  squeezing 
the  testicle  may  be  an  early  sign  of  locomotor  ataxy. 

4.  Muscular  sense. — "Hns  demands  the  in- 
vestigation of  two  separate  points. 

(a)  The  patient's  power  of  estimating  weights. 

(b)  His  power  of  appreciating  the  position  of  his 
limbs. 

(a)  Sense  of  weig^ht. — Place  in  the  patient's 
hand  substances  which  resemble  one  another  as  far 
as  possible  in  every  respect  except  as  regards  weight. 
Metal  balls  covered  with  leather,  some  being  solid 
and  others  hollow,  are  often  used  for  the  purpose. 
In  their  absence  one  may  use  two  match  boxes,  one 
full,  the  other  empty,  or  some  other  extemporised 
device.  A  solid  ball  and  a  hollow  one  may  be  placed 
one  in  the  patient's  right  hand  and  the  other  in  his 
left,  and  he  is  then  asked  to  state  which  is  the 
heavier;  or  one  hand  may  be  tested  at  a  time,  the 
balls  being  lifted  one  immediately  after  the  other.  If 
the  leg  is  being  investigated,  the  weights  should 
be  placed  in  a  handkerchief  and  slung  round  the 
patient's  ankla 

(h)  Sense  of  position. — The  patient's  eyes 
being  carefully  shut^  take  hold  of  one  of  his  limbs  and 
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move  it  about  in  various  directions  through  the  air, 
finally  leaving  it  in  some  definite  position,  say  semi- 
flexed and  slightly  elevated ;  then  ask  him  to  put  the 
corresponding  limb  in  a  similar  (josition.  If  there 
be  no  paralysis  of  the  latter  and  yet  the  patient  is 
unable  to  imitate  with  it  the  position  of  the  other, 
then  there  is  reason  to  believe  that  the  sense  of 
position  is  impaired. 

In  testing  a  patient's  sense  of  position  in  this 
manner,  be  careful  not  to  allow  the  part  tested  to 
touch  any  other  skin  surface ;  othei-wise,  the  patient 
will  be  able  to  appreciate  its  position  by  the  informa- 
tion derived  from  his  ordinary  sense  of  touch.* 

Are  there  any  abnormal  sensations  pre- 
sent?— These  are  termed  paraestliesiaB,  and  con- 
sist in  various  sensations  experienced  by  the  patient 
in  the  absence  of  any  outward  stimulus.  The  com- 
monest of  these  are  a  feeling  of  "  needles  and  pins," 
of  numbness,  of  heats  or  chills,  of  pressure  or  tight- 
ness (a  good  example  of  the  latter  being  the  "  girdle 
pain "  of  locomotor  ataxy),  of  itching — sometimes 
termed  " pruritus'* — or  a  feeling  as  if  insects  were 
crawling  over  the  body  (formication). 

The  term  aura  is  applied  to  the  curious  par- 
aesthesiae  which  frequently  precede  an  epileptic  fit 
and  serve  as  a  warning  of  its  approach. 

SECTION   VI.— REFLEXES. 

There  are  three  classes  of  reflexes  which  one  has 
to  test. 

1.  The  superficial  reflexes , 

*A  very  delicate  test  for  defective  muscular  sense  (and 
therefore  for  inco-ordination)  in  the  upper  limbs  consists  iu 
shutting  the  patient's  eyes  and  then  making  him  hold  his  arms 
straight  out  in  front  of  mm  with  the  fingers  in  a  horizontal  row. 
After  a  moment  or  two,  if  the  muscular  sense  be  defective,  the 
fingers  cease  to  remain  in  an  even  line.  Some  will  rise  a  little. 
othen  fall,  or  even  become  twisted  in  below  the  rest. 
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2.  The  deep  or  tendon  reflexes ; 

3.  The  organic  reflexes  (including  the  action  of 
the  sphincters). 

We  shall  consider  these  separately. 

1.    SUPERFIOIAL    REFLEXES. 

In  these  the  simplest  form  of  reflex  action  is 
concerned.  On  stimulation  of  a  certain  part  of 
skin  or  mucous  membrane  contraction  of  certain 
muscles  results.  The  path  of  the  impulse  is  by 
the  sensory  nerve  fibres  to  the  grey  matter  of 
the  cord  or  a  sensory  centre  in  the  brain,  thence 
by  motor  nerve  fibres  to  the  muscle  A  lesion 
in  any  part  of  this  path  causes  the  reflex  to 
disappear.  Thus  ansesthesia  of  the  skin,  disease  of 
the  sensory  fibres  or  posterior  nerve  roots,  changes  in 
the  grey  matter  of  the  cord,  lesions  of  the  motor 
nerve  fibres  or  of  the  fibres  of  the  muscles,  may  all 
cause  abolition  of  the  superficial  reflexes.  In  addition 
to  this,  it  must  be  borne  in  mind  that  the  reflex 
excitability  of  some  individuals  is  normally  very 
much  greater  than  that  of  others,  and  this  makes  it 
difficult  for  one  to  estimate  the  value  of  slight 
alterations  in  the  reflexes  unless  the  lesion  is 
unilateral,  in  which  case  the  healthy  side  can  be 
taken  as  a  standard  of  comparison.  The  investiga- 
tion of  the  superficial  reflexes  is  of  more  value  as 
affording  information  regarding  the  health  or  other- 
wise of  the  reflex  arc  concerned  than  as  a  guide  to 
the  presence  or  absence  of  disease  elsewhere.  In 
hemiplegia  the  superficial  reflexes  are  usually  dimin- 
ished on  the  healthy  side.  Exaggeration  of  both  knee 
jerks  along  with  diminution  of  the  plantar  reflexes 
is  a  combination  characteristic  of  many  cases  of 
functional  paraplegia. 

The  chief  superficial  reflexes  of  spinal  origin,  their 
nature,  the  mode  of  obtaining  them,  and  the  level  of 
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the  cord  ccmcmied  in  their  prodaction,  are  giveii  in 
the  table  on  p.  477. 

The  PIsMtar  reflex  demands  special  ocmsidera- 
tion.  In  order  to  elicit  it  the  patient  should  be  in 
the  supine  position,  with  the  lower  limb  semi-flexed 
at  the  hip  and  knee  and  rotated  outwards,  the  knee 
resting  on  a  pillow.  This  induces  muscular  relaxation, 
which  may  be  increasiBd  by  distracting  the  patient's 
attention  by  conyersation  or  bj  making  him  perform 
with  his  hands  aorae  act  which  requires  attention. 
Care  should  be  taken  that  the  sole  of  the  foot  is 
warm  and  diy.  The  plantar  r^ion  is  stimulated  by 
gentle  scratching  with  the  finger-nail  or  with  a  soft 
quilL  In  healthy  adults  a  minimal  stimulus  produces 
a  contraction  of  the  tensor  yaginse  femoris,  often 
accompanied  by  a  slighter  contraction  of  the  ad- 
ductors of  the  thigh  and  sartorius.**^  With  a  slightly 
stronger  stimulus  flexion  of  the  four  outer  toes 
appears,  which  increases  with  the  strength  of  the 
stimulus  till  all  the  toes  are  flexed  on  the  metatarsus 
and  drawn  together,  the  ankle  being  dorsiflexed 
and  inyerted.  With  still  stronger  stimuli  yiolent 
irregular  movements  of  the  limb  occur,  which  spread 
to  the  lower  part  of  the  trunk  and  to  the  opposite 
side.  The  position  of  the  foot  at  the  height  of  a 
response  to  a  moderate  stimulus  is  shown  in  Fig.  130 
("  flexor  response  "). 

It  is  doubtful  whether  the  plantar  reflex  is  ever 
constantly  and  completely  absent  in  healthy  subjects. 

In  infants  up  to  the  age  of  learning  to  walk  the 
reflex  is  very  brisk,  and  differs  markedly  from  that  iu 
adults.  The  earliest  response  is  in  the  great  toe, 
which  is  drawn  back.  This  is  followed  by  extension 
and  spreading  out  of  all  the  toes,  with  aversion  of  the 

*  See  an  admirable  paper  by  Dr.  James  Collier  in  Brain^ 
1899,  part  86,  from  whicin  most  of  the  above  account  has  been 
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foot  or  doraiflexion  of  the  ankle,  anJ  Bubsequpntly 
flexion  of  the  hip  and  knee  ("  infantile  response  "), 

During  sleep  the  plantar  tP- 
flexes  are  diminished,  and  the 
infantile  and  adult  forms  presorveil, 
except    in     some 


years,  where  in 
deep  sleep  the 
infantile  form  of 
reflex  returns.  In 
pathological  con- 
ditions the  refleK 
varies,  and  may  be 
of  great  diagnostic 
importance.  In 
lesione  ofthepyror- 
midal  systems  an  alteration  in  the  type  of  response 
was  first  described  by  Babinski.-f     In  this,  which  is 


of 


■1  «krs 

1  sign,   or    the 

"  extensor  re- 
sponse," the  re- 
flex  closely 
resembles  that 
obtained  in  in- 
fants, but  differs 
in  a  few  points. 
The  whole  re- 
sponse is  more 
deliberate  tlmn 
that  obtained 
r  infants,  and  appears  with  mnch 

*  After  metantaneous  photographs  by  Dr.  Jamea  Collier, 
t  £a  Smaiiu  Midiealt,  JuUlet  27,  1S98. 


either  in  adults  o 
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more  certainty  tban  does  the  flexor  response  to  eacli 
atinsulation.  Extension  of  the  great  toe  precedea 
all  other  moveiaent.  It  is  followed  by  extension  of 
the  othur  toes  and  by  dorsiflexion  of  the  ankle.  Th 
tenaor  vaginfe  femoria  does  not  contract  early.  The 
small  amount  of  movement  at  the  ankle  ia  con- 
spicuous, and  contrasts  with  tlie  briak  movement  at 
the  ankle  in  the  ordinary  response.  The  extensor 
reajionae  b  ofteu  more  easily  elicited  by  atimulation 
of  the  outer  part  of  the  aole,  whereas  the  flexor 
response  ia  usually  more  easily  obtained  by  stimu- 
lating the  inner  part.  Fig.  131  shows  the  position 
of  the  foot  at  the  height  of  a  moderate  extensor 
response. 

The  extensor  response  is  only  met  with  in 
adults  in  cases  of  organic  disease  involving  the 
pyramidal  systems,  and  in  cases  of  total  transrerse 
lesion  of  the  cord  ia  the  onjy  refies  phenomenon 
present  in  the  lower  limba.  In  functional  cases, 
if  the  plantar  reflex  can  be  elicited  at  all,  the 
flexor  response  is  obtained.  In  tabes  and  peri- 
pheral neuritis  the  same  is  true.  In  neuraathenia, 
chorea,  myopathies,  poliomyelitis,  and  paralysis 
agitana  the  flexor  response  is  found ;  also  in  intra- 
cranial tumours,  provided  the  pyramidal  systems  are 
not  involved. 

The  following  superficial  reflexes  are  dependent  on 
cranial  nerves  : — 

(1)  Co^jnnclivnl. — Elicited  by  touching  the 
conjunctiva,  resulting  in  contraction  of  the  orbicularis 
palpebrarum.  The  nerves  concerned  are  the  fifth 
(sensory)  and  the  seventh  /motor). 

(3)  ropil  rcfle«es_(5«  pp.  441  and  502). 

(3)  Palete  reflex. — Elevation  of  the  palate  on 
touching  the  mucous  membrane  covering  it  The 
nerves  concerned  are  the  gloasopharyngeal  and  the 
vagns  (or  spinal  accessory)). 
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2.    DEBP  OB  TENDON   REFLBXBB. 


N 
^ 


Jscle  be  put  upon  the  etretch  and  its 
tendon  be  then  sharplj  struck,  the  muscle 
iliately  contr&cte,  This  is  apokeD  of  as  a  deep 
or  tendon  refles.  It  is  very  doubtful,  however 
whether  one  is  correct  in  speaking  of  it  as  a  reflex 
at  all.  It  would  seem  that  the  contractiuii  oE 
the  muscle  follows  too  rapidly  on  the  blow  upon 
the  tendon  to  permit  of  there  being  time  for 
reflex  arc  being  traversed.  What  really  happens 
is  probably  this.  The  stretching  of  the  muBcle 
reHexly  increases  its  "  tone."  When  the  tone  is  thus 
raised  any  mechanical  stimulus,  in  this  case  the  blow 
upon  the  tendon,  by  suddenly  increasing  the  ten- 
Bioa  of  the  muscle,  excites  in  it  a  direct  contraction. 
The  only  point  where  a  reflex  act  really 
tlieit^fure,  is  in  the  preliminary  raising  of  the 
muscle  tone.  Without  this  increase  of  tone,  how- 
evfr,  the  subsequent  direct  contraction  would  be 
impossible. 

^Ve  have  already  indicated  (p.  401)  that  the 
"tune"  of  a  muiicle  is  dependent  upon  the  cells  in 
the  anterior  cornua  of  the  spinal  catA—i.e.  the  lower 
neuiuns.  When  the  control  of  the  upper  neurons 
over  tbi:  lower  is  cut  off,  the  latter  produce  an 
increased  "  tone  "  in  the  muscles,  with  the  result  that 
the  tendon  reflexes  axe  more  easily  excited  than 
normally.  In  other  words,  their  reflexes  are  increased 
or  exaggerated.  Exaggeration  of  tendon  reflexes, 
Uierefore,  is  characteristic  of  lesions  affecting  the 
upgier  neurons — t.o.  the  cerebral  cortex,  or  the  fibres 
passing  from  it  to  the  antt^rior  horns  of  the  cord.  A 
similar  exaggeration  may  be  brought  about  by  any- 
thing which  stimulates  the  lower  neurons,  thus 
iflftking  them  more  able  to  resist  the  coulroUiuj 
"   ''ilfliice  of    the  upper.     Strychnine  and    the  " 
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of  tetanus  are  able  to  do  this,  and  therefore  produce 
an  increase  of  the  tendon  reflexes. 

On  the  other  hand,  anything  which  impairs  the 
activity  of  the  lower  neuron  will  cause  a  diminution 
in  the  tone  of  the  muscles,  and  will  thus  make  the 
tendon  reflexes  correspondingly  difficult  to  elicit. 
Diminution  or  abolition  of  the  tendon  reflexes  is 
therefore  characteristic  of  lesions  aflecting  the  lower 
or  spinal  neuron.  Of  course,  any  disease  of  the 
muscle  fibres  themselves,  or  of  the  sensory  fibres 
which  proceed  from  the  muscle  to  the  spinal  cord, 
and  along  which  the  stimulus  travels  when  the 
muscle  is  first  stretched,  which  stimulus  causes  the 
reflex  increase  of  tone,  will  also  cause  a  diminution 
of  the  tendon  reflexes  by  preventing  the  necessary 
increase  of  tone  from  taking  place.  Hence  it  is  that 
in  locomotor  ataxy,  in  which  the  posterior  roots  are 
much  involved,  the  deep  reflexes  are  absent. 

There  is  only  one  point  more  to  be  referred  to, 
and  it  is  rather  a  confusing  one.  In  a  lesion — e,g,  a 
fracture  dislocation — which  produced  complete  trans- 
verse destruction  of  the  cord  at  any  level,  one  might 
expect  that,  owing  to  the  cerebral  influence  being  cut 
ot),  all  the  deep  reflexes  below  that  level  would  be 
exaggerated.  This,  however,  is  not  the  case.  The 
reflexes  in  that  condition  are  (as  a  rule)  totally 
abolished.  The  explanation  of  this  apparent  anomaly 
is  still  a  Httle  doubtful.  It  has  been  supposed  by 
some  that  it  is  to  be  attributed  to  the  cutting  off  of 
a  cerebellar  influence  which  descends  to  the  cells  of 
the  anterior  comua,  and,  so  to  speak,  energises  them, 
so  that  they  are  able  to  maintain  the  tone  of  the 
muscles.  It  must  be  admitted,  however,  that  experi- 
mental evidence  is  totally  opposed  to  this  conclusion, 
as  lesions  of  the  cerebellum  are  followed  by  exaggera- 
tion and  not  by  abolition  of  the  deep  reflexes. 

The  knee  Jerk  or  pattellar  tendon  reflex  ia 
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the  lieat  known  of  the  deep  reflexes.     It  constsn 
contraction  of    tie    quadriceps  extensor  when  1 
patellar  tendon  is  tapped.     The  spinal  aegmentc 
cemed  are  the  third  and  fourth  lumbar. 

Mow  to  elicit  (Ae  knee  jerk.- — If  the  patient  it 
to  sit  up,  get  him  to  sit  on  a  chair  or  on  the  edg 
of  the  bed  and  cross  one  knee  over  the  other 
he  is  unable  to  effect   the   latter,  pass  your 
under  the  knee  to  be  tested,  resting  your  hajid  c 
the  opposite   knee   and   allowing   the    patient's 
to   swing   suspended,   as    it   were,    on   the  back   i 
your  wrist.     If  be  cannot  sit  up,  bend  the  knee  up  a 
little  as  he  Ues  on  his  back  and  support  it  by  allot^ 
ing  it  to  rest  on  your  hand  or  the  back  of  your  « 

The  result  of  this  disposition  of  the  f 
slightly  to  stretch  the  quadriceps  ext«nsor,  and  e 
reUexly  to  increase  its  tone.  The  next  thing  to  do  iM'l 
to  try  to  divert  the  patient's  attention.  This  may  b 
done  by  asking  bim  to  "  let  the  leg  hang  aa  if  itg 
did  not  belong  to  him,"  or  by  engagi[\g  1 
conversation.  The  patellar  tendon  must  then  be  strucica 
a  sharp  blow  midway  between  the  patella  and  it^ 
insertion.  The  edge  of  the  hand  may  be  used  fQ| 
the  purjxise,  or  the  edge  of  a  thin  book,  or  *' 
ear  piece  of  a  stethoscope,  especially  if  it  t 
rounded  by  a  li1l^  of  solid  indiarublior.  A  jiercusraoi 
hammer  is  also  a  good  instrument  for  the  [lurpioae. 

Immediately  after  the  blow  the  toot  will  be  on 
served  to  be  jerked  up  from  the  sudden  contraction  a 
the  muscle. 

The  briskneBS  of  the  knee  jerk  varies  greatly  laS 
different  individuals.    In  health,  however,  it  ia  hardly! 
ever  entirely  absent.      Sometimes  one  is  unable  I 
elicit  it  without  liaving  r<:courHe  to  what  is  known  a 
"  reinforce  meal "  of  the  knee  jerk.     Thia  oi 
in  asking  the  patient  to  make  some  strong  volauta 
^iiscukr  eObrt  with  the  upper  limbs.     One  nagy  » 
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him,  for  example,  to  hook  the  fingers  of  the  two 
hands  together  and  then  to  pull  them  against  one 
another  as  hard  as  possible.  Whilst  he  is  doing  so 
one  tries  to  elicit  the  knee  jerk,  and  one  usually 
gets  it  more  readily  than  under  ordinary  conditions. 
How  reinforcement  acts  it  is  a  little  difficult  to  say. 
According  to  some,  it  is  by  increasing  the  general 
muscular  tone  throughout  the  body ;  according  to 
others,  it  acts  by  diminishing  the  inhibitory  cerebral 
control. 

The  following  tendon  reflexes  are  similar  in  nature 
to  the  knee  jerk,  but — ^probably  owing  to  mechanical 
difficulties  in  producing  adequate  stretching  of  the 
muscle — are  not  usually  so  easy  to  obtain  in  health, 
and  may  indeed  be  entirely  absent. 

Ankle  Jerk. — Grasp  the  dorsum  of  the  foot  with 
one  hand  and  hold  up  the  leg  with  it.  Sliglitly 
dorsiflex  the  foot  so  as  to  put  the  tendo  Achillis 
on  the  stretch,  then  with  the  other  hand  sharply 
flick  the  latter  on  its  under  surface.  A  sharp  con- 
traction of  the  calf  muscles  results.  This  reflex  can 
also  be  conveniently  elicited  when  the  patient  is 
kneeling  on  a  chair. 

Adductor  Jerk  is  produced  by  abducting  the 
thigh  and  tapping  the  tendon  of  the  adductor 
magnus.  Contraction  of  the  adductors  results. 
Sometimes  in  patients  who  have  very  exaggerated 
reflexes  one  finds  that  on  tapping  the  patellar  tendon 
a  sudden  contraction  occurs  in  the  adductor  muscles 
of  the  opposite  thigh.  This  is  termed  the  "  crossed 
adductor  Jerk."  Its  explanation  is  still  rather 
obscure,  but  it  is  apparently  a  truly  reflex  phenom- 
enon. 

Triceps  or  elbour  Jerk. — Flex  the  elbow  to 
more  than  a  right  angle,  then  tap  just  above  the 
olecranon.  The  triceps  contracts.  The  reflex  depends 
upon  the  eighth  cervical  and  first  dorsal  seg^ixi^wi^ 
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Supinator  jerk. — Produced    by    tapping    the 
supinator  tendon  just   above   its    insertion  into  the 
styloid  process  of  the  radius.     The  fifth  cervical  is  the  ' 
cord  segment  concerned. 

"Wrist  j€rl£  is  produced  by  letting  the  hand  hang 
down,  and  then  striking  the  extensor  tendons  just 
above  the  wrist.  The  liand  is  jerked  up.  This  reflex 
depends  upon  the  sixth  cervical  segment. 

Jai¥  jeri£« — Ask  the  patient  to  open  his  mouth, 
but  not  too  widely.  Place  one  finger  firmly  on  his 
chin  and  then  tap  it  suddenly  with  the  other  hand 
as  in  percussion.  A  contraction  of  the  muscles  that 
close  the  jaw  results.  This  jerk  is  never  present  in 
health.  The  motor  nucleus  of  the  fifth  nerve  is  the 
centre  involved. 

The  term  "  clonus "  is  applied  to  the  following 
tendon  reflexes : — 

Ankle  clonus* — To  elicit  this  phenomenon,  bend 
the  patient's  knee  slightly  and  support  it  with  one 
hand,  grasp  the  fore  part  of  the  foot  with  the  other 
hand,  and  suddenly  dorsiflex  the  foot.  The  sudden 
strain  put  upon  the  calf  muscles  causes  them  to  con- 
tract. The  pressure  of  the  hand  upon  the  sole  of  the 
foot  is  meanwhile  continued  and  when  the  contraction 
ceases  causes  the  calf  muscles  again  to  become  tense^ 
and  so  produces  another  contraction  in  the  latter.  In 
this  way  a  whole  series  of  contractions — i.e,  a  donus 
— results. 

The  relative  tendency  to  the  development  of  ankle 
clonus  on  the  two  sides  is  best  estimated  by  slowly 
dorsiflexing  the  foot  and  observing  the  exact  point  1^ 
which  the  movements  first  begin.  The  less  the  degree  of 
dorsiflexion  required  to  produce  the  clonus  the  greater 
is  the  tendency  to  the  development  of  the  latter.* 

*  In  cases  of  functional  paralysis  the  clonus  may  come  on 
^>re  the  foot  has  been  bent  to  a  ngbt  angle ;  this  never  happeni 
of  organic  disease. 
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Ankle  clonus  is  nearly  always  a  sign  of  disease. 
The  spinal  segments  concerned  in  it  are  the  first  to 
the  third  sacraL 

Knee  clonus. — In  cases  where  the  knee  jerk  is 
exaggerated,  one  can  sometimes  elicit  a  knee  clonus 
by  extending  the  patient's  leg  and  then  suddenly 
pushing  down  the  patella  towards  the  foot.  If  the 
pressure  on  the  latter  be  continued,  a  series  of  clonic 
contractions  of  the  quadriceps  can  in  many  cases  be 
produced. 

3. OROANIG   REFLEXES  AND  SPHINCTERS. 

This  term  includes  such  processes  as  respira- 
tion, deglutition,  micturition,  and  defsecation.  They 
depend  upon  complex  muscular  movements  excited 
either  by  stimulation  of  mucous  membranes  or,  in  the 
case  of  respiration,  of  a  centre  in  the  medulla. 

One  should  always  ascertain  from  the  patient 
whether  he  has  any  difficulty  in  swallowing,  noting 
specially  whether  there  is  any  regurgitation  of  food 
through  the  nose.  The  function  of  dcg^lutition 
does  not  usually  require  to  be  specially  tested  beyond 
the  exauiination  necessary  to  exclude  the  existence 
of  an  obstruction  (p.  51). 

]>ef»cation—  The  patient  should  be  questioned 
as  to  any  difficulty  in  the  act,  and  as  to  the  presence 
or  absence  of  tenesmus.  Note  also  the  occurrence  or 
not  of  incontinence  of  faeces. 

The  reflex  action  of  the  anal  sphincter  may 
be  tested  by  introducing  the  oiled  finger  into  the 
anus,  and  noting  whether  contraction  of  the  sphincter 
occurs  with  normal  force,  whether  it  be  weak  or 
altogether  inactive,  or  whether  there  is  any  spasm 
excited. 

The  activity  of  the  anal  sphincter  reflex  may  also 
be  tested  by  pricking  the  skin  in  the  neighbourhood 
of  the  anus.     Under  normal  condi\ioii&  Oi^on^  ^^'^^ 
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traction  of    the    sphincter   shoold    immeduitehr  1 
viaiUe. 

9IicturllioD.^Tbe  jiatient  should  be  questioned-1 

OS  to  difficulty  or  pain  iu  the  Hct  (set  p.  9).  One  1 
should  then  note  whether  there  is  either  retention  \ 
of  urine  or  ineontiTieJiCt  of  it.  If  tbei 
tinence,  ascertain  by  the  use  of  the  catheter  whether  i( 
it  be  due  to  the  ov«r^w  from  e.  distended  bladder  i 
whether  it  be  a  reflex  imjOTiCinenee — i.e.  whether  thft 
bladder  mei-ely  fills  up  and  then  empties  itself  c 
pletely  by  reflex  action.  In  another  group  of  cases 
the  jiatient  feels  the  desire  to  micturate,  but  is  unable 
to  restrain  the  act,  which  takes  place  at  onoe.  This 
IB  spoken  of  as  precipitate  micturition. 

The  centres  for  the  bladder  and  rectum  are 
situated  in  the  tliird  and  fourth  sacral  s^mente  ol 
the  cord. 

SECTION  VU.— TROPHIC  FUNCTIONS. 

In  disease  of  the  nervous  system  the  nutrition 
of  different  tissues  or  organs  may  he  impaired.  Tha 
bones  may  become  more  briLtle  from  interstiticir 
absorption,  or  may  exhibit  spontaneous  fractura 
(osteopathies),  or  the  joirda  may  be  the  seat  of  ptun- 
less  elfiision  with  or  without  atrophy  or  enlargement 
of  the  articular  ends  of  the  bones  (arthropathies). 
,  In  other  cases  the  bones  and  joints  are  involved 
toijether  (osteo-arthropathies).  More  commonly  the 
I  tkin  is  the  seat  of  change.  It  may  exhibit  an 
erythema,  which  may  pass  on  to  ulceration  and  the 
formation  of  bed-sores  at  points  of  pressure;  pi 
mentary  changes  msy  develop  in  it,  or  it  may  I 
tlie  seat  of  various  erupt ions^uitioarial,  vesionlaTj 
pemphigoid,  or  herpetic  —  or  it  may  be  Btni|)l] 
ay.  Perforating  ulcers  may  appear,  usually  o 
Utes  or  soles  of  the  feet,  as  iu  tubes,  or  there  du 
actual  gangrene,  or  the  development  of  j 
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^rUtlowa.     In  otiier  cases,  ag! 

appendages  which  especially 

fuUing    out,   or  the  nai]s  heo 

[ophy  of  the  mvAdis  is  a 


is  the  opidermic 
change,  the  hair 
;  dry  and  brittle, 
plienomeaon. 


Mtd  may  be  marked  by  the  appearance  of  the  reaction 
of  degeneration  (Section  VIII. ).  More  rarely,  certain 
glaodulav  organs,  Euch  as  the  testis,  may  be  the  seat 
of  atrophic  change. 

In  taking  a  nervous  case  it  is  nei^ssary  to  be 
on  the  outlook  for  such  changes,  ajid  to  note  their 
"       ion  and  extant. 


ti^  ISB.— UoCor  pi 

SECTION   VIII.— ELECTRICAL    EXAMINA- 
TION  OF   MOSOLES  AND   NEUVBS. 
1    Appnratos.— ForthepurjiOBesof  disgnoeiaa 
bdiigimhed  from  ti.ei»5««tica  sleotridtj  U  •ppUcid  u 
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tliree  forms  :  First  as  the  continuona  current,  seoond 
aa  the  faradic  current,  third  by  using  the  discbarf^ 
through  Crootes'a  tubes,  with  high  vacn»  and  suitable 
internal  arrangements,  for  the  purposes  of  skiagraphy 
by  the  X  rays  described  by  Prot   Bont^en.     The 


Fl(.  lU.— Uotor  polntt,  front  or  thigh. 


details  of  this  last  application  are  beyond  the  soope 
of  the  present  work. 

The  coDtinuoas  current  must  be  of  sufficient 
intensity  to  o\'eroome  the  i-eaistance  of  the  body  and 
yet  have  enough  strength  left  to  stimulate  the  nerves 
and  muscles.  It  must  therefore  have  an  available 
e/ectivmotive  force  of  oyer  40  volts,    A  battery  of 
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tiiirty-two  Leclanch^  dry  cells  is  ample  for  ordinary 
use,  as  its  electromotive  force  is  decidedly  higher 
thui  this  to  start  with,  and  will  continue  so  for  a 
considerable  time  if  properly  cared  for  and  neither 
left  too  long  absolutely  idle  nor  employed  to  yield 
very  heavy  currents  which  would  speedily  exhaust  the 
small  cells.  Where  the  continuous  current  from  an 
electric  light  installation  is  available  it  may  be  used, 
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when  precautious  are  taken  for  the  safety  of  the  patient 
by  the  employment  of  shuats  to  rednce  the  voltage  to 
a  suitable  figure. 

Whether  battery  or  light  installation  with  regulat- 
ing board  be  used,  it  is  of  great  importance  to  have 


Fig.  1ST.  -Hotor  polDta,  ilda  ot  lig. 


efficient  accessory  apparatus  in  the  way  of  current 
reveraers,  galvanometers,  connecting  wires,  electrodes. 
The  galvanometers  should  give  reitdings  in  milli- 
amp&res,  not  in  unmeaning  graduations,  aa  too  often 
IB  the  case  in  those  supplied  with  medical  batteries. 
for  the  fonUllc  current  bte  beat  form  of  w^^ax- 
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atus  is  an  induction  coil  of  the  sledge  pattern  with  a 
secondary  coil  of  wire  which  should  not  be  very  fine, 
as  very  thin  wire  on  the  secondary  coil  produces  too 
great  an  effect  on  the  sensory,  and  too  little  on  the 
motor  nerves  for  most  diagnostic  purposes.  To  drive 
the  coil  one  or  two  dry  Leclanch^  cells  are  sufficient 
It  is  often  convenient  to  be  able  to  pass  from  the  con- 
tinuous to  the  faradic  current,  and  vice  versd,  without 
changing  the  connections  leading  to  the  patient.  This 
can  be  effected  by  a  suitable  switch. 

One  large  flat  electrode  should  be  procured,  and 
several  small  ones,  varying  in  size  from  a  small  spher- 
ical bulb  to  a  disc  of  metal  with  a  surface  of  about  60 
or  100  square  centimetres.  These  should  be  covered 
with  washleather,  which  can  be  renewed  at  frequent 
intervals,  and  should  be  made  to  screw  into  a  holder 
with  a  button  by  means  of  which  the  observer  can 
interrupt  the  current. 

2.  Electro-diagnosis.  (Figs.  132-139.) 
Begfin  uritli  tlie  faradic  current.^  It  stimu- 
lates the  nerves  directly,  the  muscles  only  indirectly 
through  their  nerve  supply.  Examine  systematically 
each  nerve  trunk  in  the  area  under  consideration,  and 
the  motor  point  of  every  muscle  supplied  by  each  of 
these  nerves.  The  motor  points  correspond  for  the 
most  part  with  the  points  of  entry  of  the  motor  nerves 
into  the  muscles  which  they  supply,  and  are  shown  in 
Figs.  132-139.  The  observer  should  try  the  current 
upon  himself  before  applying  it  to  the  patient,  both  to 
reassure  the  latter  and  to  compare  the  effects  it  pro- 
duces on  himself  with  those  elicited  in  the  patient. 
The  examination  must  be  conducted  in  a  good  light, 
and  the  patient  must  be  so  placed  that  access  to  both 
sides  is  easily  secured.     Before  examining  any  group 

*  la  dealing  with  children  it  is  almost   always  necessary, 
where  a  careful  electrical  examination  has  to  be  -m&OA^  \a  ^^  ^sdl 
aauBsthetiCi  although  the  anaesthesia  need  not  ^M^erj  d^iee^. 
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of  muscles  care  muat  be  taken  that  the;  ore  so  for 
relaxed  aa  to  be  able  to  respond  readily  to  Btimnlation. 
A  small  electrode — either  the  button  electrode  or  the 
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disc  of  10  to  20  iqiiare  oentiDietres,  aooordiiig  to 
circamstAnoes — should  be  used  for  the  part  imder  ex- 
aminatiaii,  whilst  ihm  other  (or  ''mdifferent'^  electrode 


Fig.  UO.— If otor  points  of  the  trunk,  potteiioilj. 

11  saA  12.  tmattfm*  \  U.  tplenlnii  14,  taprMpliuta*  i  u,  ImfrMPisataui  i  W« 
deltoid  (po»ta1orr«rt):  IT.  (eres  mlaor :  It,  erector  sFiiui  i  U^tMial  aerre 
crank   v,  poaterlor  Muiealar  aarre  i  n,  rhomtiold. 

should  be  a  larger  plate  placed  either  on  the  abdomen 
or  between  the  shoulders.  The  electrodes  and  the  skin 
where  the  tests  are  applied  should  be  well  soaked  with 
a  solution  of  common  salt  in  warm  water,  but  carp 
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must  be  taken  to  avoid  the  presence  of  any  crystals  of 
undissolved  salt  on  the  skin. 

Note  the  intensity  of  the  minimum  current  which 
produces  contraction  at  each  point,  and  compare  the 
effects  of  a  similar  current  on  the  corresponding  point 
on  the  other  side  of  the  body. 

The  intensity  of  the  current  is  recorded  in  terms 
of  the  distance  of  the  secondary  from  the  primary 
coil ;  battery  power,  rate  of  interruption,  and  other 
adjustments  being  assumed  to  remain  constant. 

When  the  faradic  current  has  been  employed,  pass 
to  tlie  i^alvaiu€%  Use  the  electrodes  in  exactly  the 
same  manner  as  for  the  faradic  examination,  and,  re- 
member, that  when  a  small  electrode  is  used,  the 
nerves  and  muscles  that  lie  superficially  beneath  it^ 
and  are  therefore  closer  to  it,  are  chiefly  stimulated, 
since  response  to  the  stimulus  depends  on  current 
density.  Begin  with  a  weak  cun-ent,  and  gradually 
increase  its  strength  till  the  muscle  responds  by  slight 
contraction.  At  each  point  employ  first  the  cathode* 
and  then  the  anode,  and  observe  whether  contraction 
occurs  most  readily  when  the  circuit  is  completed  or 
when  it  is  interrupted.  Record  the  strength  of  the 
current  as  indicated  by  the  milliamperemeter  and 
compare  it  with  that  which  produces  similar  effects 
at  the  corresponding  point  on  the  other  side. 

In  liealtli  the  cathodal  closing  contraction  is  the 
first  to  appear ;  in  other  words,  the  muscle  responds 
more  readily  when  the  pole  applied  to  it  is  the 
cathode,  and  when  the  electric  circuit  is  completed ; 
a  decidedly  stronger  current  is  required  to  elicit 
the  anodal  closing  and  opening  contractions,  and  the 
cathodal  opening  contraction  appears  last  of  all. 
This  sequence   may   be   represented  by  the  formula 

*  The  cathode  or  negative  electrode  is  attached  to  the  zino 
rod  in  the  cell,  the  anode  or  positive  electrode  to  the  copper  or 
oarbon. 
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C.C.C.  >  A.C.C.  >  A.0.0.  >  C.O.O.,  or  by  the  follow- 
ing expansion  of  it : — 

Weak  current  COC-  —  —  .«. 

Medium  current  CCC  A*C.O.        —  — 

Fairly  strong  current  C.C.O."  A.O.O.'  A.0.0.      — 

Very  strong  current  C,0.  Tetanus  A.O.O."  A.O.O.'  C.0.0. 

The  contractions  in  health  are  abrupt  and  sharp. 
Except  when  the  current  is  very  strong,  contractions 
only  occur  when  the  circuit  is  made  or  broken,  not 
during  the  passage  of  a  uniform  current. 

In  disease  the  response  to  electrical  stimulation 
may  be  altered  either  quantitatively  or  qualitatively. 
By  ^^  quantitative  alterations  "  one  understands 
that  a  given  current  produces  a  greater  or  less  con- 
traction than  it  could  were  the  nerves  and  muscles 
in  a  normal  state.  ^^Qualitative  alterations" 
involve  either  or  both  of  two  changes — namely,  first 
the  character  of  the  contraction,  instead  of  being 
abrupt,  becomes  "sluggish";  and  second,  the  cathodal 
closing  contraction  is  less  readily  elicited  than  the 
anodal  contractions. 

Such  qualitative  changes  depend  on  the  separation 
of  the  nerve  and  muscle  from  their  nutritive  centre. 
After  a  brief  period  the  separation  induces  degener- 
ation, and  whilst  the  degeneration  proceeds  the  nerve 
first  fails  to  respond  to  electrical  stimuli,  and  after 
a  longer  interval  the  muscle  also  becomes  in- 
susceptible. 

It  is  during  the  time  that  elapses  between  the  insen- 
sitiveness  of  the  nerve  and  of  the  muscle,  that  the  most 
characteristic  electrical  changes  are  observed,  and  these 
are  together  known  as  ^^tlie  reaction  of  deg:enep- 
ation."     They  may  be  summarised  as  follows  : — 

I.  Fa/racHc  cv/rrent. — No  response  can  be  elicited, 
even  when  a  very  strong  current  is  employed. 
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The  reason  for  this  is  that  the  faradic  stimulos,  in  con- 
seqaence  of  its  hrief  daration,  acts  only  on  the  nerve,  and 
since  the  degenerated  nerve  can  no  longer  transmit  stimuli 
to  the  muscle,  the  latter  remains  unaffected. 

II.  Galvcmic  currerU. 

1.  QtuirUiUUive  change, — The  muscular  excitability 
is  increased,  contraction  following  the  application  of 
a  weaker  current  than  is  necessary  to  produce  it  in 
health  (**  The  irritability  of  weakness  "). 

2.  QtuditcUive  changes, — (a)  The  contraction  is  no 
longer  sharp,  but  "sluggish." 

(6)  In  most  cases  anodal  closing  contraction  is 
elicited  with  a  weaker  current  than  cathodal  closing 
contraction.  This  phenomenon  is  less  constant  and 
less  important  than  the  sluggish  character  of  the 
contraction. 

The  quantitative  change  depends  partly  on  alterations  in 
the  nutrition  of  the  muscle,  and  partly  on  the  removal  of 
inhibitory  influences;  the  qualitative  changes  are  produced 
partly  because  the  nerve  no  longer  reg^ulates  the  character 
of  the  contraction,  and  partly  also  as  a  result  of  changes  in 
the  muscle  itself. 

The  foregoing  description  applies  to  a  fully 
developed  reaction  of  degeneration.  This  is  not 
manifested  till  more  than  a  week  after  the  trophic 
influence  has  been  cut  off.  The  nerves,  however, 
begin  to  lose  their  Eensitiveness  about  three  days 
after  the  injury,  and  gradually  become  less  and  less 
responsive.  The  muscles  behave  as  do  the  nerves  to 
faradic  stimulation ;  to  the  galvanic  current  they  at 
first  exhibit  diminished  excitability.  After  eight  or 
ten  days  the  excitability  again  increases,  and  eventu- 
ally exceeds  that  foimd  in  health.  At  the  same  time 
as  the  increase  appears,  the  sluggishness  of  contraction 
and  the  abnormal  sonsitivenehs  to  anodal  closure 
become  manifest.     When  the  cause  which  has  led  to 
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the  severance  of  the  nerve  and  muscle  from  their 
trophic  centre  cannot  be  removed,  the  muscular 
response  once  more  gradually  diminishes,  and  after 
the  lapse  of  a  considerable  period,  which  may  extend 
to  two  years  or  even  longer,  disappears  entirely.  When 
the  trophic  influence  is  timeously  re-established, 
the  reactions  of  nerve  and  muscle  progressively 
return  to  the  normal.  In  such  cases  ordinary  mus- 
cular power  usually  begins  to  return  soiue  days 
before  the  nerves  show  any  response  to  electrical 
stimuli. 

A  Dew  and  clinically  important  form  of  reaction  has  been 
described  by  Ghil  rducci,  who  has  named  it  the  reaction  of 
degeneration  at  a  distance  (R.D.d  ).  In  examining  for  this 
reaction  neither  pole  is  placed  on  the  affected  muscle,  but  the 
indifferent  electrode  is  situated  over  the  upper  dorsal  region, 
whilst  the  active  one  is  applied  at  a  point  further  from  the 
trunk  than  are  the  muscles  to  be  tested.  Thus  for  the  muscles 
of  the  forearm  it  is  placed  on  the  wrist,  and  for  the  tibialis 
unticuB  in  front  of  the  ankle.  Under  these  conditions  the 
response  occurs  almost  exclusively  at  closure,  and  when  the 
active  electrode  is  negative ;  whilst  the  contraction  thus  elicited 
is  stronger  than  that  which  is  present  in  ordinary  reaction  of 
degeneration,  and  can  be  obtained  with  a  weaker  current.  Its 
clinical  importance  is  due  to  the  fact  that  as  it  persists  after  all 
other  electrical  stimuli  fail  to  produce  any  etfect,  ita  presence 
enables  one  to  determine  that  the  muscle  is  not  hopelessly 
destroyed,  but  may  yet  recover  within  certain  limits.  If  it  be 
absent  the  observer  is  justified  in  concluding  that  the  muscle 
is  wholly  severed  from  its  trophic  cenbre. 

Ghilarducci  regards  the  phenomenon  as  due  to  the  increased 
electrical  capacity  of  the  muscle  when-  thus  lon^itudinidly 
stimulated,  the  increased  capacity  causing  the  electric  wave  to 
be  less  abrupt,  and  thereby  prolonging  the  duration  of  elhcient 
stimulation. 

It  will  be  readily  perceived  that  from  the  stand- 
point of  diagnosis,  electricity  yields  far  more  valuable 
information  when  the  disease  is  situated  in  the  lower 
motor  neuron,  thereby  severing  the  nerve  endings 
and  muscles  from  their  trophic  centres,  than  when 
the  morbid  process  occupies  a  more  central  ^o&vtA$yc^ 
G  o 
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Serious  disorder  may  be  present  in  the  higher  trophic 
realms  without  revealing  itself  by  any  change  in  the 
electrical  reactions — at  most  there  will  only  be  a 
quantitative  change  whose  detection  is  often  difficult 
and  whose  value  is  uncertain. 

In  the  sensory  system  electro-diagnosi*  is  of 
less  value,  and  is  chiefly  of  service  in  cases  where  a 
hysterical  element  is  present. 

For  recording  the  results  of  an  electro-diagnostic 
examination,  one  should  employ  a  printed  chart,  in 
which  the  nerves  and  muscles  are  conveniently 
arranged  with  spaces  opposite  for  the  insertion  of 
the  observations.  This  both  saves  time  and  prevents 
the  accidental  omission  of  important  muscles  from 
examination.  A  convenient  form  of  chart  is  supplied 
by  Messrs.  Danielsson  k,  Ca 
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CHAPTER  X. 

EXA|IINATION    OP    THE    EyE,    EaR,    ThROAT,   AKD 

Nose.  * 

SECTION  I.— THE  EYE. 

Note  first  any  obvious  peculiarity  about  the  eye. 
Observe  whether  there  is  any  undue  prominence  of 
one  or  both  eyes.  Prominence  of  the  eyes  occurs  in 
exophthalmic  goitre.  It  is  associated  in  that  disease 
with  the  presence  of  what  is  known  as  von  Grae/e^s 
sign.  Ask  the  patient  to  look  down.  If  von 
Graefe's  sign  is  present,  the  upper  lid  seems  to  lag 
behind  the  eyeball  in  its  descent,  so  tliat  a  large  part 
of  the  upper  portion  of  the  sclerotic  becomes  visible. 
In  paralysis  of  the  cervical  sympathetic  the  eyeball 
recedes  so  as  to  look  more  sunken  than  normal. 

Note   also  whether  the  winking  movements  are 
increased  oi-  diminished  in  frequency.     Infrequency 
of  the  movements  constitutes  Stellwag^s  sign  of  ex-- 
ophthalmic  goitre. 

The  occurrence  of  squint,  ptosis,  retraction  of  the 
upper  lid,  and  alterations  in  the  pupil  liave  already 
been  considered.  The  presence  of  any  inflamma- 
tion along  the  margins  of  the  lids  (marginal 
blepharitis)  should  always  be  noted.  It  is  often 
an  indication  of  a  strumous  constitution.  Next 
turn  your  attention  to  the  conjunctiva.  It  may 
be  necessary  to  examine  the  conjunctiva  lining 
the  eyelids.  In  order  to  do  this  in  the  case  of 
the  lower  lid  it  is  sufficient  to  depress  the  latter 
firmly  with  the  thumb.  To  expose  the  inner  sur- 
face of  the  upper  lid,  place  the  right  thumb  at  the 

*  In  this  chapter  only  those  methods  of  investigation  5w:«a. 
described  that  are  required  in  ordinaiy  medk,^  casav*. 
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upper  part  of  tlie  upper  lid  and  push  Dpwards,  so 
to  make  the  eyelashes  atard  out  prominently.  Grasp 
the  lasliea  between  the  foi'efinger  and  tliumb  of  the 
other  hand,  and  eTert  the  iid  by  rotating  it  round 
the  thumb  of  the  right  hand,*  Note  the  colour  of  the 
conjunctiva — whether  it  is  pale,  injected,  or  jaun- 
diced. The  method  of  detecting  tcdema  of  it  has 
already  been  descrilied.  Look  at  the  cornea.  Bote 
the  proaence  of  any  ulceration  or  opacity  of  it. 
Small  ojiacities  are  described  as  "  nehideB,"  larger 
opacities  are  spoken  of  as  "  leuGomala."  Try  to. 
make  out  whether  the  opacity  is  really  on  the  surface 
of  the  cornea  or  deeper  down  in  its  substance.  I'his 
can  beat  he  determined  by  looking  along  tJie  sulfate 
of  the  cornea,  as  it  were,  and  observing  whether  the 
light  is  reflected  from  it  over  the  opaque  spot,  or 
whelher  it  is  dull.  If  the  former  be  the  case,  the 
ofiacity  is  deep-seated ;  if  the  tatter,  it  is  auperhciaL 
Such  sujierficial  opacities  point  to  fotmer  strumous 
ulceration.  Piep-seated  opaeities  are  often  due  to 
congenital  syphilis. 

The  term  arcua  aenUia  is  applied  to  a  creecentio 


,  __  J)  ponnit  of  an  iDHpeotiou  of  the  mnjunctiva,  __  

V  Lani;  in  his  book  mi  "The  MeUin^cal  EuuiiinatiDD  of  tin 
—  ** .     ..wti_:..i  4.1.^  patieDt,  with   heibl  erect,  tame  his  ^ea 
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ciJDJimctival  surface  is  in  contRctwith  the  Q 
When  the  whole  thickneaa  of  the  upper  lid  is  between  the  finper 
and  the  thumb,  the  lower  lid  is  ralooBed  and  the  free  edsB  of  the 
taisna  is  ]iii!<beil  upwards  and  backwiirdB  bf  the  thumb  wtiiliit 
the  forefiuger  prBBSea  iM  ».n:iicBeu  margm  QownwBrOs  and  lor- 
■ronb;  in  this  wur  tbe  lid  is  sTetted.  The  right  hand  it  employed 
to  erart  deleft  lid." 
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opacity  which  is  sometimes  observed  towards  the 
laargin  of  the  cornea.  It  usually  appears  at  the 
upper  part  of  the  cornea  first,  and  then  gradually 
extends  round.  It  occurs  normally  in  old  people,  and 
is  sometimes  observed  also  in  the  eyes  of  younger 
persons  who  have  sclerosed  arterial  walls  and  other 
signs  of  premature  senility.  True  arcus  senilis  can 
be  recognised  by  its  leaving  a  small  strip  of  clear 
cornea  between  the  arc  and  the  sclerotic ;  a  crescentic 
opacity  extending  inwards  from  the  sclerotic,  which 
is  sometimes  met  with,  leaves  no  such  clear  strip.  If 
arcus  senilis  be  observed  ite  presence  should  iJways 
be  noted. 

It  is  often  of  importance  in  medical  cases  to  be 
able  to  say  whether  a  patient  is  suffering  from  iritis 
or  merely  from  conjunctivitis.  In  each  case  the  eye 
looks  red  and  injected,  but  the  characters  of  the 
injection  are  different  in  the  two  conditions.  They 
are  contrasted  in  the  following  table : — 


Omjwnctival  Injection. 

Colour,  brick  red. 

Vessels  very  tortuous. 

Vessels  can  be  movod  on 
sclerotic  injection,  greatest 
on  lids  and  in  cul-de-sac, 
diminishes  round  cornea. 

Pressure  on  lid  leaves  no 
ansdmia. 


Ciliary  Iiijection  (Iritis). 

Colour,  pink. 

Vessels,  straight. 

Vessels  cannot  be  moved. 

Injection  greatest  round 
cornea,  diminishes  towards 
periphery. 

Pressure  on  lid  leaves 
temporary  anaemic  spot. 

In  taking  the  case,  note  specially  which  of  these 
sets  of  characters  is  present. 

The  tension  of  the  eyeball  should  next  be  tested. 
This  is  done  by  placing  the  two  forefingers  on  the 
upper  part  ot*  the  sclerotic  outside  the  upper  lid 
while  the  patient  looks  downwards,  the  other 
fingers  resting  on  his  forehead.  Then  try  for 
fluctuation.  The  normal  tension  must  be  learnt 
by  practice,  and  any  increase   or  dvtxm\\x\Asyft.  ^\  S^ 
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noted.  An  increased  tension  contra-indicates  the 
use  of  atropine.  Having  observed  these  different 
points,  one  should  next  proceed  to  what  is  termed 
oblique  focal  iiluiuination  of  the  eyeball.  For 
this  purpose  it  is  best  to  have  the  patient  in  a  dark 
room,  a  lamp  being  placed  in  front  of  him.  By 
means  of  a  convex  lens — the  ophthalmoscope  lens 
does  very  well — the  light  is  focussed  on  the  surface 
of  the  eye.  If  necessary,  one  may  hold  another  lens 
in  the  left  hand,  and  so  magnify  the  view.  Study  in 
this  way  the  surface  of  the  cornea.  The  nature  of 
the  opacities  already  referred  to  can  now  be  observed 
more  minutely.  Look  at  the  iris.  The  outline  of  the 
pupil,  its  contractility  to  light,  the  existence  of 
synechise,  and  the  presence  or  absence  of  hippus,  can 
all  be  very  well  observed  by  this  method.  Note 
whether  any  o]>acity  can  be  detected  behind  the 
pupil,  and  if  so,  try  to  estimate  the  depth  at  which 
it  is  situated. 

Then  proceed  to  retinoscopy.  Use  for  the 
purpose  a  plane  or  slightly  concave  mirror,  with  an 
aperture  in  the  centre.  An  ordinary  ophthalmoscope 
mirror  does  very  well,  but  it  is  preferable  to  use  one 
of  larger  size,  say  about  two  inches  in  diameter.  The 
patient  should  be  in  a  dark  room  with  a  light  just 
above  his  head,  and  it  is  well  to  have  his  eyes 
atropised.  Sit  fully  a  yard  from  him,  and  ask  him 
to  look  far  away  over  the  top  of  your  head.  Then 
throw  the  light  into  his  eye  by  means  of  the  mirror. 
In  a  normal  eye  a  red  reflection  from  the  retina  will 
be  seen  through  the  pupil.  If  there  be  any  opacity 
of  the  refractile  media,  the  red  reflection  will  be 
obscured.  In  this  way  cataract  may  be  detected. 
When  commencing  it  usually  takes  the  form  of 
opaque  bands  passing  in  towards  the  centre  of  the 
pupil  like  the  spokes  of  a  wheel.  Then  tilt  the 
mirror,  first  upwards  and  downwards,  then  from  side 
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to  side.  As  one  does  so,  a  black  shadow  is  observed 
to  flit  across  the  pupil.  Watch  the  edge  of  this 
shadow.  From  the  du-ection  in  which  it  moves  in- 
formation is  obtained  as  to  the  state  of  refraction  of 
the  eye.  If  the  eye  be  emmetropic,  or  if  it  be 
hypermetropic,  or  has  less  than  one  dipptre  of  myopia, 
the  edge  of  the  shadow  moves  in  the  opposite  direc- 
tion to  that  in  which  the  mirror  is  tilted  if  it  be 
concave,  but  in  the  same  direction  to  that  in  which  it 
is  tilted  if  the  mirror  be  plane.  In  myopia  of  more 
than  one  dioptre  the  edge  of  the  shadow  moves  in 
the  same  direction  as  a  concave  mirror,  but  in  the 
opposite  direction  to  one  which  is  plane.  In  a  normal 
eye  the  shadow  moves  very  rapidly,  and  has  a  straight 
and  sharply- defined  edge.*  The  more  abnormal  the 
patient's  refraction,  the  more  slowly  does  the  shadow 
move,  and  the  more  crescentic  and  the  less  well 
defined  is  its  margin. 

If  the  edge  of  the  shadow  moves  differently  in 
opposite  meridians,  the  eye  is  astigmatic*  If  one 
meridian  is  normal  the  astigmatism  is  simple,  and 
may  either  be  of  the  myopic  or  of  the  hypermetropic 
variety,  according  to  the  nature  of  the  refraction 
in  the  abnormal  meridian.  If  both  meridians  are 
abnormal,  the  error  of  refraction  being  the  same  in 
kind  in  each,  but  unequal  in  degree,  compound  astig- 
matism is  present.  It  may  also  be  either  of  the 
myopic  or  of  the  hypermetropic  variety,  according 
to  the  nature  of  the  refraction.  If  one  meridian  is 
myopic,  the  other  hypermetropic,  the  condition  is  one 
of  mixed  astigm.atism,. 

In  regular  astigmatism,  the  directions  of  greatest 
and  least  refraction  are  at  right  angles  to  each  other, 
and  usually  fall  exactly  in  the  vertical  and  horizontal 

*  The  edge  of  the  shadow  is,  of  course,  straight  only  when  the 
source  of  light  has  a  straight  edge.  This  is  so  in  an  Argand 
burner,  but  not  in  an  electric  lamp. 
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meridians,  the  meridian  of  greatest  curvature  being 
moat  fi-equently  the  vertical.  Sometimes,  however, 
the  directions  of  greatest  and  leaat  refraction  are  in 
the  oblique  meridians. 

In  vrregular  astigmatinrt  the  directions  of  greatest 
and  least  refraction,  are  not  at  right  angles.  This 
occurs  comparatively  rarely. 

For  the  optical  explanation  of  these  facts,  and 
for  the  more  detailed  description  of  their  significance, 
the  reader  is  referred  to  special  works  on  ophthal- 
mology. We  would  only  remark  here  that  retinoacopy 
affords  tbe  simplest  and  readiest  method  of  arriving 
at  an  idea  of  the  state  of  a  patient's  refraction.*  In 
examining  many  medical  cases  such  information  ib 
well  worth  obtaining,  as  errors  of  refraction  have 
been  found  to  be  the  reflex  cause  of  many  nervous 
symptoms,  e.g.  of  headache,  vomitrng,  etc. 

The  fundus  oculi  remains  still  to  he  examined, 
and  for  this  one  must  have  recourse  to  the  use  of  the 
ophthnltnoHcope.  Many  patterns  of  this  instru- 
ment are  sold.  The  essential  points  are  that  there 
should  be  two  mirrors— a  larger  one  for  use  in  the 
indirect  method  of  eicaminatioii,  and  a  smaller  angled 
one  for  direct  examination  of  the  fundus.     It  is  aUo 

*  SometiniGe  a  patient  comee  before  ods  wcariiig  glaaees,  and 
it  may  ba  important  to  know  what  the  reEraotiou  of  these  is.  lo 
order  to  dincovor  this,  hold  ttie  gloss  in  front  of  the  eye  ami  look 
at  an  object  through  it.  Hieii  move  the  gloaa  Irom  Bids  to  Hide, 
and  frateh  the  objeat.  If  tbe  latter  aeeniH  to  move  in  the  oppo- 
■its  direction  to  the  glue,  the  latter  is  convex ;  if  in  the  aame 
direction,  it  U  ooncaye. 

The  strflDgth  of  the  glAM  may  be  approxima1«ly  determiued 
by  briugiiiK  the  nnall  leases  of  the  opbthalmoBct^  behind  it, 
ontil  one  nndfi  that  which  abolishes  tbe  apparent  movement  of 
the  object  looked  at. 

In  order  to  tell  whether  the  glass  is  spherical  or  oylindru^, 
look  at  a  straight  object,  t.g.  a  window  bar,  through  the  eIkss, 
and  then  slowly  twist  the  latter  round.  U  the  gtnas  is  cyUu&oal, 
tbe  ohjeot  looked  at  will  appeu  to  take  np  an  oblique  pi  " ' 
JPatiaata  who  um  oylii>dii(*^  ^ama  an  aatlgiuiiio. 
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important  to  be  able  to  bring  a  series  of  small  lenses 
of  different  refraction  behind  the  eyehole  in  the 
mirror. 

There  are  two  methods  of  using  the  ophthalmo- 
scope— the  indirect  and  the  direct.  We  shall  describe 
the  former  first. 

1.  Indirect  ophthalmoscopy. — It  is  best  to 
have  the  room  darkened ;  at  any  rate,  bright  sunlight 
should  be  excluded.  If  the  patient  is  in  bed  this  may 
be  effected  by  placing  an  umbrella  over  him.  The 
patient  (if  he  is  able)  sits  in  a  chair  with  his  head 
slightly  inclined  forwards,  and  the  observer  in  another, 
about  two  feet  from  that  of  the  patient,  and  directly 
opposite  to  the  latter.  A  light — an  ordinary  oil 
lamp,  or,  preferably,  an  Argand  burner — is  placed 
close  to  the  patient  and  on  a  level  with  his  left 
shoulder.  The  observer  should  sit  rather  obliquely, 
his  left  shoulder  being  turned  well  round  towards 
the  patient.  The  ophthalmoscope  is  held  in  the 
right  hand,  the  laiger  mirror  being  opposite  the 
eye-hole.  If  the  observer  is  not  emmetropic,  he 
corrects  his  own  error  of  refraction  by  means  of  the 
small  lenses  behind  the  mirror;  light  is  then  re- 
flected into  the  patient's  eye  from  the  lamp.  A  red 
reflection  from  the  retina  should  fill  up  the  entire 
pupil  unless  there  be  any  opacity  of  the  media,  as 
already  mentioned.  No  details  of  the  fundus  should 
yet  be  visible.  If  any  blood-vessels  be  seen,  one 
can  be  sure  that  the  patient's  refraction  is  abnoimal. 
If  these  seem  to  move  in  the  same  direction  as  the 
head  of  the  observer,  the  patient  is  hypermetropic ; 
if  in  the  opposite  direction,  he  is  myopic.  Having 
got  the  fundus  fully  illuminated,  one  proceeds  to  in- 
terpose the  convex  lens  of  the  ophthalmoscope.  Hold 
it  between  the  finger  and  thumb  of  the  left  hand,  so 
that  it  rests  opposite  the  joints  between  the  first 
and  second  phalanges  of  the  index.    The  finger  ako^d. 
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not  be  at  all  flexed.  The  fore-arm  should  be  kept 
vertical,  the  hand  drooping  from  the  wrist,  and  the 
little  finger  supported  on  the  patient's  forehead.  This 
is  the  position  demanding  the  least  muscular  effort, 
and  therefore  the  least  fatiguing  to  the  observer. 
The  ordinary  ophthalmoscopic  lens  is  of  about  +15 
dioptres  strength,  and  therefore  requires  to  be  held 
about  2 J  inches  from  the  patient's  eye.* 

The  exact  point  at  which  it  should  be  held  is 
arrived  at  by  moving  the  lens  backwards  and  for- 
wards till  a  clear  image  is  obtained. 

A  larger  image  of  the  fundus  can  be  obtained  by 
using  a  convex  lens  of  about  +  10  D  (4  inches  focus) 
and  magnifying  the  image  by  means  of  a  -f-  2D  lens 
placed  behind  the  mirror.  In  many  ways  this  is 
preferable  to  the  ordinary  method.  Having  got  the 
fundus  into  focus,  one  wishes  to  look  at  three  parts 
of  it — (1)  at  the  optic  disc,  (2)  at  the  macular  region, 
(3)  at.  the  periphery.  In  order  to  bring  the  disc  into 
view,  the  patient  must  be  made  to  turn  his  eye  some- 
what inwards.  If  the  left  eye  is  being  examined,  ask 
him  to  look  at  the  tip  of  your  left  ear ;  if  the  right  is 
being  examined,  ask  him  to  look  at  the  tip  of  the  little 
finger  of  the  right  hand,  which  is  stretched  out  for  the 
purpose  beyond  the  handle  of  the  ophthalmoscope. 

In  order  to  see  the  macular  region  ask  the  patient 
to  bring  the  eye  slowly  back  from  the  above  position 

*  A  lens  of  1  dioptre  ( 1  D)  strength  has  a  focal  distance  of 
1  metre  (40  inches)  ;  a  lens  of  2  D  has  a  focal  distance  of  20  inches, 
and  so  on.  To  signify  a  convex  lens  the  sipn  -f- is  used,  thus: 
-j-  2  D  means  a  convex  lens  of  2  dioptres  ;  —  2  D  means  a  concave 
lens  of  2  dioptres.  A  lens  which  is  curved  equally  in  evenr 
direction — i.e.  which  is  part  of  a  sphere — is  called  sp/terical.  It 
may  be  either  convex  or  concave.  A  concave  spherical  lens  of 
1  dioptre  strength  is  indicated  thus  :  —  1  D  si)her. 

A  cylindrical  lens  is  part  of  a  cylinder,  ami  is  therefore  cui-ved 

in  one  direction  only.    The  direction  corresponding  to  the  axis  of 

the  cylinder  is  uncui'ved,  and  is  spoken  of  as  the  axis  of  the  lens. 

A  convex  cylindrical  lens  of  1  dioptre  streujith  is  written  -|-  1  D 

cyh     Cylindrical  lenses  are  lequired  in  astigmatism. 
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towards  the  centre  of  your  forehead.  The  macular 
region  is  reached  at  about  two  discs'  breadth  from  the 
margin  of  the  disc.  Attempts  to  look  straight  at  the 
macula  in  this  way  are  sometimes  baffled  by  the  great 
contraction  of  the  pupil  which  results,  and  by  the 
reflection  of  light  from  the  surface  of  the  cornea. 
When  this  is  the  case  it  is  better  to  ask  the  patient  to 
look,  not  straight  at  the  forehead,  but  a  little  to  one 
side.  The  observer  must  then  move  his  head  till  a 
view  of  the  macular  region  is  obtained. 

The  periphery  of  the  fundus  is  seen  by  asking  the 
patient  to  look  first  to  his  extreme  right  and  left,  then 
up  to  the  ceiling,  then  downwards. 

If,  on  gradually  withdrawing  the  lens,  the  image 
of  the  fundus  appears  to  become  larger,  there  is 
myopia  present.  If  it  becomes  smaller,  there  is 
hypemietropia.  If  it  alters  in  one  direction  and  not 
in  others,  there  is  simple  astigmatism ;  if  it  alters  in 
one  direction  more  than  others,  the  astigmatism  is 
co7npound. 

If,  on  moving  the  lens  from  side  to  side,  one 
part  of  the  fundus  seems  to  move  over  the  rest 
("parallactic  movement"),  that  part  is  at  a  higher 
level  than  its  surroundings.  Thus,  if  the  disc  be 
excavated,  its  margin  will  appear  to  move  over  the 
deeper  payt. 

The  examination  of  the  fundus,  and  especially  of 
its  peripheral  region,  is  greatly  facilitated  by  a  prelim- 
inary dilatation  of  the  i)upil.  The  best  way  of  effect- 
ing this  is  to  apply  a  2%  homatropine  and  cocaine 
ointment  to  the  eye  about  half  an  hour  before 
examining  it.  The  effect  may  be  afterwards  counter- 
acted by  instilling  a  drop  of  eserine  solution  (1%). 

If  the  patient  be  unable  to  leave  bed,  indirect 
ophthalmoscoi)y  may  easily  be  carried  out  by  the  above 
method,  provided  he  is  able  to  be  propped  up.  If 
that  is  impossible,  place  the  lamp  on  the  pillow  above 


tis  head,  and  carry  out  the  rest  of  the  prooednre 

2.  Direct  ophtbalinoscopy.— The  patient  is 
placed  aa  before,  but  with  the  light  a  little  behind 
and  above  the  shoulder  corresponding  to  the  eye 
under  exuinination.  The  observer  sits  quite  cl<»e  to 
the  patieat,  so  that  bis  eye  can  be  advanced  to 
withm  two  iucliea  of  that  of  the  latter.  In  eKamintng 
the  left  eye  of  the  patient,  use  jour  own  left  eye,  and 
for  his  right  use  youc  right  Tilt  the  patient's  head 
and  your  own  in  opposite  directions,  so  as  to  aToid 
breathiug  one  another's  breath.  Arrange  the  ophthal- 
moscope with  the  small  oblique  mirror  opposite  the 
eye-hole,  and  its  surface  directed  towards  the  light. 
The  apex  of  the  wedge  formed  by  the  tilt  of  the 
mirror  should  be  directed  towards  the  root  of  the 
observer's  noae,  when  the  instrument  is  held  flat 
^uinst  his  oheek.  If  there  is  diificulty  in  getting 
proper  iliumination  of  the  fundus,  move  the  source  of 
light  about  until  the  bright  red  reflection  is  seen 
through  the  pupil.  Ask  the  patient  to  look  over  your 
shoulder  at  a  distant  object,  and  try  to  relax  your 
own  accommodation  entirely.  This  is  the  real  point 
of  difficulty  in  the  direct  method.  As  one  is  desirous 
of  seeing  clearly  the  fundus  of  the  patient,  and  as  that 
is  so  near,  one  almost  instinctively  accommodates  hia 
own  eye  for  a  near  object.  With  practice,  however, 
this  difficulty  can  be  overcome.  It  soraetimea  helps 
one  to  achieve  the  desired  result  if  he  tries  to  think  in 
a  dreamy  way  of  some  distant  object,  and  to  picture 
it  to  himself.  If  it  is  found  impossible  at  first  to 
relax  one's  aocommodntiou  completely,  it  may  be 
nuilifled  by  the  use  of  a  —  2-3  D  lens  behind  the 
mirror. 

When  the  fundus  has  been  brought   into  clear 
,  its   different   regions   must  be   systematically 

died,  just  as  in  the  use  of  the  indirect  method. .   ' 
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order  to  see  the  disc  by  th6  direct  method,  look  back- 
wards and  inwards  obliquely  into  the  eye,  telling  the 
patient  meanwhile  to  look  straight  in  front  of  him. 

In  the  case  of  a  patient  who  is  unable  to  rise  from 
bed,  the  direct  method  may  be  applied  in  one  of 
several  ways. 

(1)  The  observer  kneels  beside  the  bed  at  right 
angles  to  the  patient,  the  light  being  placed  on  the 
pillow  at  the  opposite  side  of  the  head  of  the  latter. 
(2)  The  observer  places  himself  at  the  top  of  the  bed, 
so  as  to  look  down,  as  it  were,  on  the  patient's  eyes, 
the  light  being  placed  on  the  opposite  side  of  the 
head  from  the  eye  to  be  examined.  (3)  If  the  patient 
be  a  child,  place  him  across  the  bed,  and  kneel  at  the 
patient's  head,  the  light  being  held  at  the  opposite 
'side  from  the  eye  under  examination. 

The  images  furnished  by  the  two  methods  of 
ophthalmoscopy  differ.  In  the  indirect  method  the 
image  is  inverted,  so  that  what  seems  to  be  the  upper 
part  of  the  fundus  is  really  the  lower,  and  the  inner 
(nasal)  side  appears  to  be  the  outer,  and  vice  versd. 
The  image,  however,  embraces  a  large  part  of  the 
fundus  at  one  time,  so  that  one  gets,  as  it  were, 
a  bird's  eye  view  of  it.  This  method  is,  therefore, 
well  suited  for  ordinary  diagnostic  purposes  in 
medical  cases. 

The  image  obtained  by  the  direct  method  is  an 
upright  image,  and  therefore  the  different  parts  of 
the  fundus  are  seen  in  their  proper  positions.  The 
image  embraces  only  a  small  part  of  the  fundus 
at  one  time,  but  gives  a  magnified  view  of  it.  It  is, 
therefore,  well  suited  for  the  minute  study  of  patho- 
logical changes  in  the  fundus. 

The  image  obtained  by  the  modification  of  the 
indirect  method  already  described  (i.e,  by  intei-posing 
a  weak  convex  lens,  and  magnifying  the  image  by 
Hk  +2   D   lens   behind   the  mirror)   is  \x\.\«t\s\5^v^^Rk 
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between  the  im^ea  obtained  by  the  ordinary  indiftot 
and  by  the  direct  method.  It  is  ao  ioverted  image, 
pretty  highly  magnified,  and  shows  also  a  fairly  large 
part  of  the  fundus  at  one  time. 

We  have  said  that  the  optic  disc,  the  macular 
region,  and  the  periphery  of  the  fundus  maat  be 
studied  in  detail  iu  each  case.  We  may  now  pass 
to  a  consideration  of  the  special  points  to  be  taken 
note  of  in  each  of  these  regions, 

1.  N^ote  as  regards  the  optic  disc— 

(1)  Its  «Aap«.  Normally  this  ia  circular.  Some- 
times it  is  oval.  If  there  be  astigmatism  present, 
the  diac  will  appear  to  be  oval,  although  it  is  really 
circular.  This  apparent  oval  shape  may  be  dis- 
tinguished from  that  which  is  real  by  moving  the 
lens  backwards  and  forwards.  If  the  disc  be  really 
oval,  it  remains  unaltered ;  if  it  is  only  apparently 
ovai,  its  shape  will  be  found  to  vary  with  the  position 
of  the  lens. 

Its  colour.  The  normal  disc  is  of  a  rosy  tint, 
but  distinctly  paler  than  the  rest  of  the  fundus. 
The  nasal  side  is  normally  rather  redder  than  tlie 
other. 

In  atrophy  of  the  optic  nerve,  the  disc  beoomeB 
very  pale,  and  may  even  be  dead  white  or  greyish  iu 
tint.  In  active  hypenemia  of  the  diao  it«  colour 
approaches  in  intensity  to  that  of  the  rest  of  the 
fundus.  Such  active  hyperieuiia  is  often  present 
in  high  degrees  of  hypermetropia.  In  passive 
hyperesmia  of  the  disc  the  veins  are  alone  afibcted 
(p.  512),  and  the  general  tint  is  not  altered. 

(3)  The  presence  or  alienee  of  a  pUysiologiaat  j»$) 
and  its  size.  Bo  not  mistake  the  pallor  prodaced  by 
a  very  large  pit  for  the  pallor  of  optic  atrophy. 

(4)  The  character  of  the  viteaels.  Tiie  arteries 
normally  distinguished  from  the  veins  by  tlie  follow! 
characters: — They  are  only  -j-j-  the  ""  """" 
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veins,  and  they  are  not  so  dark  in  colour  They  have 
a  broader,  better  defined,  and  more  continuous  light 
stripe  along  their  centres. 

Normally,  the  arteries  do  not  pulsate.  They  may 
be  observed  to  do  so  in  cases  of  aortic  regurgitation, 
and  in  increased  intra-ocular  tension.  The  veins  some- 
times pulsate,  even  in  normal  eyes,  either  owing  to 
the  twisting  of  the  arteries  round  them  at  points,  or 
to  high  intra-ocular  tension. 

(5)  The  edge  of  the  disc.  It  should  be  clear  and 
well  defined — especially  at  its  outer  side.  As  the 
vessels  run  across  it,  they  should  not  be  observed  to 
tumble  over  at  all.  This  "tumbling  over,"  if  present, 
is  best  evinced  by  the  sudden  disappearance  of  the 
central  light  stripe  on  the  vessel. 

(6)  The  surroundings  of  the  disc.  This  part  of 
the  fundus  should  be  carefully  searched  if  one  is  on 
the  outlook  for  the  presence  of  haemorrhages  or 
tubercles,  as  both  of  these  are  more  often  encountered 
in  the  immediate  neighbourhood  of  the  disc  than  at 
other  parts  of  the  fundus. 

Tubercles  will  be  recognised  as  roundish,  ill-defined, 
yellowish  bodies,  usually  about  half  as  large  as  the 
disc.  Hoemorrhages  occur  as  bright  or  dark-red 
blotches,  with  flame-like  margins. 

2.  The  macular  region  is  situated,  as  we  have 
said,  about  two  discs'  breadth  from  the  outer  edge  of 
the  disc.  It  is  recognised  by  being  rather  darker  in 
colour  tha^i  the  rest  of  the  fundus,  by  being  very 
devoid  of  blood  vessels,  and  frequently  by  being  sur- 
rounded with  a  halo  of  reflected  light,  pioducing  a  shot- 
silk  appearance.  The  macula  itself  is  in  the  centre  of 
the  region,  and  is  rather  pale  in  colour,  and  often 
glitters  somewhat. 

Changes  in  the  macular  region  are  important,  in 
that  they  interfere  more  with  vision  than  similar 
changes  in  any  other  part  of  the  fundus.     In  cases 
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of  albaminoric  retinitis,  a  circle  of  white  spots 
may  often  be  observed  arranged  aronnd  the  macula 
(p.  515). 

3.  Peripheiy. — Inspection  of  the  periphery  of  the 
retina  is  important,  as  it  is  here  that  some  changes 
— such,  for  example,  as  disseminated  choroiditis 
and  retinitis  pigmentosa  —  are  most  early  to  be 
detected. 

The  following  is  a  brief  description  of  the  chief 
changes  met  with  in  the  fundus  which  are  of  im- 
portance from  a  medical  point  of  view  : — 

Optic  nev/rilis. — In  medical  cases  this  is  usually 
bilateral  (double  optic  neuritis).  It  begins  as  a  mere 
passive  congestion  of  the  disc,  with  slight  oedema.  At 
this  stage  the  veins  are  fuller  than  normal ;  on  indirect 
examination  the  edge  of  the  disc  seems  clear  enough, 
but  on  closer  inspection  by  the  direct  method  it 
is  seen  to  be  slightly  fluffy-looking.  The  change  in 
the  edge  of  the  disc  usually  begins  at  its  upper  and 
lower  margins.  These  parts  should  therefore  always 
be  most  carefully  inspected. 

As  the  process  progresses,  it  passes  into  true 
neuritis,  or  papillitis.  The  disc  is  now  distinctly 
swollen.  This  is  best  recognised  by  the  fact  that, 
on  direct  examination,  one  requires  (provided  his 
accommodation  is  fully  relaxed)  the  aid  of  a 
convex  lens  behind  the  mirror  in  order  to  bring  the 
vessels  on  the  disc  clearly  into  focus.  The  veins  are 
still  larger  than  before,  and  distinctly  tortuous. 
Pathological  tortuosity  of  the  veins  occurs  at  right 
angles  to  the  plane  of  the  retina.  Tortuosity  in  the 
same  plane  as  the  retina  may  be  quite  normal  Often 
the  veins  can  be  observed  to  tumble,  as  it  were, 
over  the  edge  of  the  swollen  disc.  The  arteries  are 
smaller  than  normal,  and  may  be  partly  obscured  by 
the  presence  of  exudation.  The  edge  of  the  disc  is 
no  longer  clear,  even  on  indirect  examination,  but 
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tades  off  into  the  snrrounding  retina.  Small  haemor- 
rhages may  be  observed  on  or  near  the  disc. 

It  is  often  important  to  decide  whether  the  papil- 
litis is  advancing  or  not.  One  ought  not  to  form  an 
opinion  on  this  point  unless  he  has  already  examined 
the  disc  on  a  previous  occasion.  The  best  criterion 
is  the  degree  of  swelling  of  the  disc.  In  order  to 
estimate  this,  use  the  direct  method,  and  be  sure  that 
your  own  accommodation  is  thoroughly  relaxed. 
Notice  first  whether  the  retina  can  be  seen  quite 
clearly  without  the  aid  of  a  lens.  If  the  eye  is  emme- 
tropic, one  ought  to  be  able  to  do  so.  If  the  re- 
fraction is  abnormal,  place  behind  the  mirror  the  lens 
which  is  required  to  bring  the  vessels  on  the  retina 
clearly  into  focu&  Then  look  at  the  vessels  on  the 
disc.  Owing  to  the  swelling  of  the  latter,  the  vessels 
are  nearer  the  observer's  eye  than  they  should  be, 
and  a  -f-  lens  must  therefore  be  brought  behind  the 
mirror  in  order  to  enable  one  to  focus  them  clearly. 
The  strength  of  the  lens  required  is  the  gauge  of  the 
amount  of  swelling  which  is  present  in  the  disc. 
Suppose,  for  example,  that  one  requires  to  use  +11^ 
in  order  to  focus  the  retina  clearly  (i.e.  the  patient 
has  1  D  of  hypermetropia),  but  that  in  order  to  focus 
the  vessels  on  the  disc  one  requires  to  make  use  of  a 
-h  6  D,  then  there  is  obviously  -f-  5  D  of  swelling. 
Roughly  speakings  every  3  D  =  1  millimetre  of  swell- 
ing. In  this  way,  one  can  estimate  the  amount  of 
swelling  from  day  to  day,  and  so  determine  whether 
the  neuritis  is  advancing  or  receding.  The  above 
method,  it  is  obvious,  requires  a  considerable  amount 
of  practice,  and  it  is  absolutely  essential  for  success 
that  the  observer  should  be  able  thoroughly  to  relax 
his  own  accommodation. 

Those  who  are  unable  thoroughly  to  relax  their 
accommodation  may  use  the  following  method  instead 
of  the  above : — Bring  behind  the  mirror  the  weakest 
H  H 
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—  or  strongest  -h  lens  with  which  (a)  tlie  vessels 
on  the  fundus  can  still  be  clearly  defined;  do  the 
same  for  (6)  the  vessels  on  the  top  of  the  disc.     Then 

— o —  =  the  height  of  the  disc  in  millimetres. 
o 

Optic  neuritis  is  present  in  most  cases  of  cerebral 
tumour  at  some  period  of  the  disease.  It  occurs  also 
in  about  50  per  cent,  of  cases  of  tubercular  meningitis, 
although  it  is  often  late  in  making  its  appearance.  It 
is  very  uncommon  to  meet  with  it  in  the  simple  basal 
meningitis  of  infants,  and  in  ordinary  acute  menin- 
gitis. It  is  also  infrequent  in  cerebral  abscoss,  and 
is  not  met  with  in  cases  of  cerebral  hjemorrha<je,  or 
thrombosis.  On  the  other  hand,  it  is  not  infrequent 
in  other  than  intracranial  diseases,  and  especially  in 
Bright's  disease  (most  commonly  in  the  form  which  is 
associated  with  cirrhosis  of  the  kidney  and  tliickening 
of  the  blood-vessels).  It  is  also  met  with  in  lead 
poisoning,  and  in  some  cases  of  ana3mia. 

O'piic  atrophy. — We  have  already  mentioned  that 
the  most  striking  change  in  the  fundus  in  this  con- 
dition is  the  pallor  of  the  disc  and  the  smallness  of 
the  arteries  on  it.     The  atrophy  may  be  (a)  primary 
(e,g,    in  locomotor  ataxy) — this  is  sometimes   called 
simple    atrophy  ;    or    (6)    it    may    be   post-neuritic 
atrophy  ;  or  (c)  it  may  follow  degenerative  changes  in 
the  retina.     It  is  not  always  easy  to  say  from  a  mere 
inspection  of  the  fundus  which  variety  it  is  that  one 
has  to  deal  with,  and  the  longer  the  process  has  gone 
on  the  more  difl&cult  does  the  diagnosis  become.  Look 
at  the  edges   of   the  disc.      If  they   are  indistinct, 
especially  if  white  streaks  can  be  seen  radiating  out 
from   them   and  passing  along  the  vessels  into  the 
retina,  then  on©  can  be  pretty  sure  that  the  atrophy 
is   not   primary  but   is   postneuritic  in  origin.      If 
the   atrophy  is  secondary  to  changes   in   the  retina 
the  disc  looks  like  a  bit  of  dirty  parchment,  and 
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pigmentary  changes  will  be  seen  in  the  retina.  In 
atrophy  without  previous  optic  neuritis  the  thinning 
of  the  nerve  fibres  renders  very  visible  the  fibres  of 
the  lamina  cribosa^  and  the  disc  acquires  a  *'  mottled  " 
appearance.  The  presence  of  such  mottling  should 
always  be  carefully  noted. 

Albuminuric  retinitis. — This  condition  of  the 
fundus  is  met  with  in  some  cases  of  Bright's  disease, 
especially  in  the  very  chronic  forms.  The  changes 
consist  in  (1)  the  presence  of  optic  neuritis  with 
marked  fulness  of  the  veins ;  (2)  the  occurrence  of 
haemorrhages  on  or  near  the  disc  ;  (3)  the  development 
of  white  shining  spots  around  the  disc  at  a  distance 
of  about  three  discs'  breadth  from  it,  and  of  similar 
but  much  smaller  spots  arranged  in  a  stellate  form 
around  the  macular  region.  Any  one  of  these  sets 
of  changes  may  be  present  without  the  others.  The 
presence  of  these  changes  should  be  looked  for  in 
every  case  of  chronic  renal  disease. 

Tubercle  of  the  clioroid  and  hcemorrhages  in  the 
retina  have  already  been  mentioned,  and  their 
commonest  sites  pointed  out.  Tubercles  may  be 
looked  for  in  cases  of  suspected  acute  miliary 
tuberculosis  and  tubercular  meningitis.  As  they 
only  appear  very  late  in  the  afiection,  however,  they 
are  rather  of  pathological  interest  than  of  diagnostic 
importance. 

Retinal  haemorrhages  may  occur  in  any  form  of 
profound  anaemia,  but  especially  in  pernicious  anaemia 
and  leucocythaemia.     They  also  occur  in  purpura. 

Embolism  of  the  central  artery  of  the  retina  may 
occur  in  cases  of  endocarditis.  The  appearance  of 
the  fundus  is  characteristic.  Look  at  the  macular 
region  especially.  There  is  present  at  it  a  peculiar 
round  cheriy-red  spot.  The  disc  itself  is  pale  and  its 
arteries  are  empty.  The  retina  as  a  whole  is  some- 
what milky-looking  from  the  presence  of  oedema. 


5i6  The  Ear. 

DiisBminaled  ehoroidicis, — Thia  is  often  an  im- 
portaut  sign  of  previous  Bj|>liilia.  The  changes 
abserred  are  the  presence  of  small  white  patches  of 
various  shapes  and  sizes,  and  disturbance  of  the  pig- 
ment around  them.  Tliese  can  be  recognised  as  being 
situated  in  the  choroid  by  the  fact  that  the  retinal 
vessels  pass  over  theru.  In  congenital  syphilitic  choroi- 
ditis there  is  often  a  marked  heaping  up  of  pigment 
around  the  patches,  which  are  mostly  circular  in 
shape, 

SECTION  II.— THE  EAK 

Examine  first  the  extemni  ear-  Note  any 
peculiarity  of  shape,  observe  the  presence  of  any  tophi, 
tnmour,  or  swelling,  or  the  existence  of  any  akin 
eruption  upon  it.  Observe  whether  there  is  any 
discharge  from  the  meatus,  and  if  so,  make  a  note  of 
its  character  and  odour.  Note  also  whether  there  ia 
any  redness,  tenderness,  or  swelling  over  the  mastoid. 

The  meatus  and  membrane  must  next  be 
inspected.  Daylight  is  beat  for  the  purpose.  Place 
the  patient  with  the  ear  to  be  examined  turned  away 
from  the  light.  Use  a  slightly  concave  mirror  of  about 
three  inches  diameter  and  a  focal  distance  of  six 
inches,  with  an  elliptical  slit  in  the  centre.  In  order 
to  oatch  the  light  properly  the  suiface  of  the  mirror 
should  be  turned  slightly  upwards.  By  this  means 
the  external  auditory  meatus  can  be  inspected.  Xote 
the  presence  of  any  foreign  body,  of  an  accumulation 
of  wax,  of  any  eczeraatous  eruption  or  furuncles,  or 
any  other  abnormality,  as  the  presence  of  such  may 
contra-indicate  the  use  of  the  speculum. 

Various  forms  of  aspergillus  may  grow  in  the 
eKtemal  auditory  meatus  and  set  up  an  otitis.  The 
colour  of  the  inspissated  discharge  depends  upon  that 
of  the  aspergillus,  being  black  wjiero  A.  niger  is  the 
fungus.     The  structure  of  the  growth  can  be  seen  if 
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some  of  the  debris  is  mixed  witli  a  little  liquor  potass^ 
and  glycerine  and  examined  under  the  microBCope. 

In  order  to  see  the  membrane,  a  speeuliuo  must 
be  employed.  A  metal  speculum  is  best,  ualesa  one 
IB  wiahing  to  make  use  of  caustic  applications,  in 
which  case  it  is  better  to  use  a  vulcanite  instrument. 
Ghooae  &  size  of  speculum  appropriate  to  the  ear 
under  examination,  warm  it  slightly,  and  introduce  it 
so  that  the  long  diameter  of  its  sinaller  end  is  placed 
almost  vertically,  but  with  a  slight  inclination  from 
above  downwards  and  forwards.  Take  oare  not  to 
introduce  it  too  far— not  beyond  the  cartilaginous 
pai't  of  the  meatus.  There  is,  of  course,  no  use  in 
attempting  to  dilate  the  osseous  part.  Having  intro- 
duced the  speculum,  hold  it  in  position  by  means  of 
the  forefinger  and  thumb  of  one  hsmd,  while  the 
pinna  is  grasped  between  the  ring  aud  middle  finger 
of  the  same  hand,  the  mirror  being  held  in  the  other. 
The  pinna  should  be  pulled  gently  upwards  and  back' 
wards,  so  as  to  straighten  the  meatus  as  much  ai 
possible.  Tbe  mirror  is  held  with  its  surface  look- 
ing slightly  upwards  as  before,  and  the  membrane  can 
then  usually  be  seen  on  looking  down  the  speculum. 
If  the  view  be  obstructed  by  tbe  presence  of  impacted 
wax,  the  latter  should  be  removed  by  being  first 
softened  with  warm  almond  or  olive  oil  or  soda 
solution  (two  teaspoonfuls  of  the  bicarbonate  to  one 
pint),  and  then  syringed  out. 

The  student  will  find  that  it  is  not  very  easy  at 
first  to  hold  the  speculum  properly  and  at  the  same 
time  to  pull  the  pinna  upwards  and  hackwards.  It 
is  therefore  better,  if  one  can,  to  have  the  mirror 
attached  to  the  forehead  by  means  of  a  spectacle 
frame.  This  leaves  both  hands  free  to  manipulate 
the  ear  and  speculum,  or  to  make  applications  by 
means  of  the  probe,  etc. 
_It  an  ear  mirror  be  not  at  hand,  the  large  mirror 
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of  an  ophtiialmoEcopecHi)  be  luado  toaerve  thepurpost). 
Tbe  leuH  of  the  opIitlialmoRcupQ  cun  also  bi;  held  close 
to  the  speculum,  and  ao  a  miigaitied  view  of  the  mem- 
brane is  obtiiined.  This  ia  eaiiecially  serviceable  in  ■ 
examining  the  ears  of  children. 

A  better  miignified  view  of  the  membrane  can  be 
obtained  by  aid  of  the  aiiriscope*  This  instru- 
ment CDUsista  of  a  plated  German  tiilver  cylinder,  con- 
,    ,  nected  at  one  end  with  an.  ear 

apeculuin,  and  at  the  other  with 
an  adjustable  magnifying  lens. 
Light  is  admitted  through  a 
funnel-shaped  tube  in  the  aide  of 
the  instruDjent,  and  is  reflected 
on  to  tbe  membrane  by  means  of 
an  oblique  mirror.  Artificial 
light  and  a  bull's-eye  should  be 
nf  right iyiiiviiu(irn!™i-    uBed,    The  patient  is  seated  with 

n.  Biiort'  i.roce-<  i.r  ear,  and  the  buH'a-eye  against 
llmllClir  r;  iToSSl  "I  the  end  of  the  funnel  The 
iiraibii''flii'c'idn';''/rp"»'  aurfcle  is  dfawn  upwards  and 
mm" o'" Ki^at^SSi  backwards  with  the  left  hand 
itroiiiiiiHiojiierai.reiie.  ^^j  ^^  speculum  genlly  intro- 
duced with  the  right.  It  is  best  to  use  the  largest 
speculum  one  can. 

The  first  thing  noticeable  about  the  normal 
membrnnc  (Fig.  140)  is  its  bluish-grey  colour 
and  translucency.  A  small  white  knuckle-! ike 
prominence  may  be  observed  towards  the  middle 
of  its  upper  part.  That  is  the  short  process  of 
the  malleus.  Passing  downwards  and  backwards 
from  it  may  be  noticed  the  long  process  of  the 
malleus,  which  ends  in  tbe  umbo  near  the  centre 
of    the   membrane.      Fasaing    forwards     and    back- 

•The  beat  form  is  HoTeU'smoilifiaitionof  Brunton'santiiOOpa, 
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wards  from  the  short  process  of  the  malleus  one 
notices  the  anterior  and  posterior  folds  of  the  mem- 
brane. A  triangular  light  portion  of  the  membrane 
usually  catches  the  eye,  the  apex  of  which  meets 
the  lower  end  of  the  handle  of  the  malleus  at  an 
obtuse  angle  which  opens  forwards.  This  bright 
spot  is  due  to  the  reflection  of  light.  Its  presence 
may  usually  be  accepted  as  a  proof  of  a  healthy  state 
of  the  membrane.  Immediately  above  the  short 
process  of  the  malleus  a  notch  may  be  observed  in 
the  ring  of  bone  which  bounds  the  tympanic  mem- 
brane. The  part  of  the  membrane  which  fills  in  this 
notch  is  called  the  membrana  flaccida,  or  Shrapnell's 
membrane.  It  would  be  beyond  the  scope  of  this 
work  to  enter  into  a  description  of  the  various 
abnormal  appearances  which  may  be  met  with  in  the 
tympanic  membrane.  For  the  purpose  of  describing 
the  situation  of  any  abnormality  which  may  be  ob- 
served, it  is  customary  to  divide  the  membrane  into 
an  anterior  part,  which  is  in  front  of  the  handle  of  the 
malleus,  and  a  posterior  part,  which  lies  behind  it. 
Each  of  these  is  then  divided  by  an  imaginary  line 
drawn  through  the  tip  of  the  handle  into  a  superior 
and  an  inferior  portion.  Four  quadrants  are  thus 
obtained,  and  in  making  notes  one  should  say  that  a 
perforation  (e,g.)  is  seen  in  the  anterior  supeiior  quad- 
rant, and  so  on. 

Inflation  of  the  middle  ear, — It  is  some- 
times desirable  to  inflate  the  middle  ear  with  air. 
This  is  best  effected  by  aid  of  a  Politzer's  bag.  The 
bag  should  have  a  piece  of  rubber  tubing,  about  one 
inch  and  a  half  in  length,  attached  to  its  nozzle. 
Give  the  patient  a  mouthful  of  water,  and  bid  him 
keep  it  in  his  mouth  until  he  is  told  to  swallow  it. 
Introduce  the  rubber  tubing  into  the  lower  part  of 
one  nostril,  pinch  firmly  the  other  nostril  and  the 
upper  part  of  the  one  into  which  the  tubing  has  been 
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Um;  ixHtnmens  Bfizbr  sear  liie  laoad  end  witii  iIm 
tiiumh  mud  rvo  fin^eis  of  ilie  lis^  kudL  Widi 
tltf;  tlmmb  of  t2ie  odber  band  podi  liie  point  of  tin 
patiettr's  noae  gmtJj  uyawia.  Bhb  die  end  of 
the  eadketer  into  tiie  nostzil  with  t2ie  enre  of  iIm 
wxtmuyaat  looking  downwardly  and  tlie  bandlo 
iKmiewhat  lower  tiuui  die  point.  Bhb  it  backwaids 
aicmg  the  floor  of  die  inferior  mratnWj  and  as  soon  as 
the  enrved  part  has  entered  die  nostril  raise  die 
handle  of  the  instroment  nntH  it  is  level,  Imd  con- 
tinue to  posh  it  backwards  until  it  comes  in  contact 
with  the  posterior  wall  of  the  phaiynx.  Then  rotate 
die  inxtmment  till  its  pcnnt  is  directed  towards 
the  middle  line,  and  withdraw  it  until  the  carve 
hfntkn  against  the  postericH'  end  of  the  nasal  septum. 
1*hefi  rotate  the  instrument,  so  that  the  point  sweeps 
downwards  and  dien  upwards  and  outwards,  die 
handle  being  kept  pressed  towards  the  nasal  septum, 
and  Mtf>p  when  the  ring  of  the  instrument  is  directed 
triwardH  the  outer  canthus  of  the  eye  of  the  same 
side,  llie  point  of  the  instrument  can  then  usually 
1)6  felt  to  be  arrested  by  the  cartilaginous  rim  of 
the  tube.  The  nozzle  of  a  Politzer^s  bag  may  then 
>>e  introduced  into  the  outer  end  of  the  instrument^ 
and  the  inflation  accompiished. 

If  one  end  of  a  rubber  tube,  with  an  ear-piece 
at  each  extremity,  be  inserted  into  the  ear  of  the 
patinnt,  and  the  other  end  into  that  of  the  observer, 
the  latter  oan  hear  the  sound  which  the  air  makes  as  it 
hupiugeM  against  the  membrane.    If  a  whistling  sound 
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be  heard,  it  indicates  the  existence  of  a  dry  per- 
foration. A  bubbling  sound  shows  the  presence  of 
fluid. 

SECTION  ni.— THE  THROAT. 

• 

The  methods  of  examining  the  fauces  and  the 
pharynx  have  already  been  considered  (p.  49).  In  order 
to  obtain  a  view  of  the  larynx,  one  must  have  recourse 
to  laryngoscopy.  In  performing  laryng^oscopy, 
the  patient  and  observer  should  be  seated  opposite 
to  one  another  in  a  darkened  room,  and  about  a  foot 
apart.  A  light  should  be  placed  a  little  to  the  right 
(or  left)  of  the  patient's  head  and  on  a  level  with  his 
mouth.  An  ordinary  lamp  will  serve,  but  it  is  better 
to  have  an  Argand  burner,  and  it  is  also  an  advantage 
to  have  the  light  fitted  with  a  bull's-eye  condenser. 
The  obser\>ier  adjusts  the  reflector  to  his  head  by 
means  of  a  forehead  band  or  spectacle  frame.  If  the 
former  be  used,  the  two  knobs  on  the  band  should 
go  against  the  root  of  the  nose.  It  is  then  rotated 
on  its  ball  and  socket  joint  until  the  hole  in  the 
centre  is  directly  opposite  the  right  eye.  This  is 
ascertained  by  closing  the  left  eye  and  observing 
whether  one  has  a  clear  view  through  the  aperture. 
One  can  also  arrange  the  reflector  so  that  it  is  in 
the  centre  of  the  forehead,  and  one  then  looks  under 
its  lower  edge.  This  requires  a  little  practice,  but 
has  the  advantage  of  allowing  one  to  make  use  of 
both  eyes.  It  is  also  of  advantage  in  the  former 
method  to  have  the  aperture  in  the  centre  of  the 
reflector  in  the  form  of  an  elongated  slit  rather  than 
of  a  round  hole,  as  a  better  view  is  thus  obtained. 

The  observer  should  next  manipulate  the  reflector 
with  both  hands  until  the  light  is  directed  on  to  the 
patient's  mouth.  He  then  selects  a  mirror,  and 
warms  it  face  downwards  over  the  lamp  until  the 
moistore^   which  at  first  condenses  on  the  surface. 
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has  all  dried  off.  He  should  also  touch  his  cheek 
with  the  back  of  the  mirror  before  inserting  it,  m 
order  to  make  sure  that  it  is  not  too  hot.  Having 
warmed  the  mirror,  he  should  hold  it  in  snch  a  way 
that  it  can  be  readily  introduced  and  manipulated. 
On  the  whole,  it  is  more  convenient  to  hold  the 
mirror  like  a  pen  than  in  any  other  way.  It  should 
also  be  held  rather  short,  so  that  the  hand  of  the 
observer  can  be  steadied  by  resting  the  little  finger 
on  the  patient's  cheek. 

The  mirror  being  ready,  the  patient  is  told  to 
crane  out  his  neck  a  little,  and  to  open  his  mouth 
and  put  out  his  tongue.  The  observer  then  throws 
a  clean  dry  cloth  over  the  anterior  part  of  the  latter, 
and  grasps  it  firmly  but  gently  between  the  fore- 
finger and  thumb  of  the  left  hand.  It  must  be  held 
firmly,  but  without  any  squeezing,  and  should  then 
be,  as  it  were,  rolled  out,  as  if  round  an  imaginary 
axis  situated  near  the  hyoid.  This  manoeuvre  has 
the  advantage  of  causing  a  better  elevation  of  the 
epiglottis,  whilst  it  prevents  any  risk  of  injuring  the 
tongue  against  the  lower  incisor  teeth.  Before  intro- 
ducing the  mirror  make  sure  that  the  light  from  the 
reflector  is  concentrated  on  the  back  of  the  patient's 
throat.  This  having  been  ascertained,  the  mirror 
should  next  be  introduced  with  its  surface  turned 
almost  directly  downwards,  and  passed  rapidly  back, 
care  being  taken  to  avoid  touching  either  the  tongue 
or  the  palate.  The  patient  should  be  told  to  be  sure 
to  breathe  regularly  and  through  the  nose.  This 
serves  to  engross  his  attention.  As  the  soft  palate 
rises  during  an  inspiration,  the  back  of  the  mirror  is 
placed  gently  against  it,  opposite  the  base  of  the 
uvula.  The  soft  palate  is  then  gently  pushed 
upwards  and  backwards,  and  the  handle  of  the 
instrument  lowered  or  raised  until  the  back  of  the 
■epiglottis  comes  into  view.     The  patient  is  then  told 
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Fig.  141. — Diagram  of  Larynx. 

normal  larynx,  regpiration;  Paualyseh  :— 2,  adductor,  left,  phonation;  8, 
adductor,  right  and  left,  plionRtion  ;  4,  abductor,  left,  respiration;  6, abduc- 
tor, right  and  left  respiiation;  6  reciirreiit,  left,  phonation  ;  7,  recurrent, 
l«ft,  respiration  ;  8.  reoiirrenc,  right  and  left,  respiration  and  phonation  ;  9, 
arytenoid,  phonation;  10,  arytenoid  and  thyro-arytenoids,  right  and  left 
Pronation  ;  11.  thyro-aryienuids,  right  and  left,  phonation.  All  drawn  aa 
Men  In  the  mirror,  i.6.,  patient's  left  hand  to  observer's  right. 
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to  say  "  Eh,"  and  that  usnally  cauaes  the  vocal 
to  become  visible. 

If  the  reflex  excitability  of  the  patient's  pliaryn; 
be  very  great,  bo  that  any  attempt  to  introduce  tha 
mirror  induceB  retching,  the  application  of  a  10  per 
cent.  Bobition  of  cocaine  previous  to  beginDing  tha 
examination,  will  be  found  of  great  asaistance. 

It  must  be  remembered  ako  that  one  sometimes 
meets  with  a  patient  whose  larynx  baffles  all  attempta 
at  inspection,  owing  to  the  position  and  shape  of  the 
epiglottis. 

In  studying  the  view  obtained,  the  true  coi'ds 
usually  first  attract  attention  owing  to  their  gleaming 
white  colour.  They  should  move  freely  on  phonation. 
Tracing  them  forwards,  they  are  seen  to  oonverge  and 
disappear  behind  the  cushion  of  the  epiglottis.  " 
teriorly  they  diverge  and  terminate  in  knob-like 
prominences,  which  are  the  apices  of  the  arytenoid 
cartUagea.  Immediately  external  to  each  of  theae 
is  a  smaller  knob — the  cartilajje  of  Wrisberg.  Paaa- 
ing  backwards  from  each  side  of  the  epiglottis  to  the 
aiytenoid  cartilages  are  seen  the  aryepiglottic  folds. 
In  favourable  circumstances  tiie  observer  can  see 
down  the  trachea,  and  even  as  far  as  its  bifurcation, 
This  ia  facilitated  by  the  observer  placing  himself  ftt 
a  lower  level  than  the  patient,  and  holding  the  mirror 
in  such  a  way  that  its  surface  looks  almost  directly 
downwards. 

In  observing  any  abnormal  condition  of  the 
larynx,  the  chief  points  to  be  attended  to 

1.  The   colour  of   the  cords    and  mucous   mem- 

2.  The  presence  of  any  swelling  or  ulceration 

3.  The  mobility  of  the  vocal  cords. 
1.    The   normal  colour  of  the  vocal   cords 

pearly  white.     In  laryngitis  they  become  red.     Any 
increase  or  diminution  in  the  redness  of  the  laryngeB) 
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mucous  membrane  should  be  noted.  In  tubercular 
affections  the  mucous  membrane  is  abnormally  pale  ; 
in  syphilitic  conditions  it  is  unusually  red. 

2.  The  position  and  character  of  the  swelling 
should  be  noted.  Tumefaction  of  the  aryepiglottic 
folds  and  of  the  epiglottis  should  be  looked  for  in 
suspected  laryngeal  phthisis.  Tumours  of  various 
sorts  on  the  true  cords  are  occasionally  met  with. 
As  regards  ulcers,  note  their  number,  their  position, 
and  the  character  of  their  floor.  Tubercular  ulcers 
are  usually  multiple,  and  are  met  with  very  frequently 
on  the  interarytenoid  fold.  Syphilitic  ulcers  are 
usually  single,  and  have  a  yellow  sloughy  floor. 

3.  Obsei've  whether  the  cords  come  together 
i^ormally  on  phonation  and  open  widely  during  in- 
spiration. In  adductor  paralysis  the  affected 
cord  fails  to  move  inwards  on  phonation,  or  the  cord 
makes  a  sudden  movement  inwards  and  then  goes 
back,  the  position  being  unsustained  (Fig.  141 — 2^  3), 
In  abductor  paralysis  the  cord  looks  normal 
on  phonation,  but  fails  to  move  outwards  again  on 
inspiration  (Fig.  141 — ^,  5). 

In  paralysis  of  both  abductors  and  adductors 
(paralysis  of  the  whole  recurrent  laryngeal  nerve,  or 
"recurrent  paralysis")  the  cord  is  fixed  in  the 
cadaveric  position — i.e.  midway  between  complete 
adduction  and  abduction.  This  is  much  more  common 
on  the  left  than  on  the  right  side,  owing  to  the  greater 
liability  of  the  left  recurrent  laryngeal  nerve  to  be 
pressed  upon  by  aneurysms  (Fig.  141 — e,  7,  8), 

Adductor  paralysis  is  usually  the  result  of  func- 
tional disease.  Abductor  paralysis,  on  the  other  hand, 
is  the  form  of  paralysis  characteristic  of  an  organic 
lesion  of  the  nervous  system.  Bilateral  adductor 
paralysis  or  paresis  is  the  cause  of  the  condition 
known  as  hysterical  aphonia. 

If  on  phonation  the  cords  come  together  incom- 
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pletely,  leaving  an  elliptical  space  between  them,  there 
is  paralysis  of  tlie  internal  tliyro-arytenoids 

present  (Fig.  141 — 11),  If  the  anterior  two-thirds 
of  the  cords  come  together,  but  leave  a  triangular 
cleft  behind,  the  inter  arytenoid  muscle  is  affected 
(Fig.  141 — 9).  For  further  details  regarding  these 
forms  of  paralysis  special  works  must  be  consulted. 

SECTION   IV.— THE   NOSE. 

Anterior  rliinoscopy. — The  position  of  the 
patient  and  of  the  observer,  and  the  arrangement  of 
the  light  and  reflector,  are  the  same  as  for  laryngoscopy. 

The  anterior  nares  shoald  first  be  inspected  with- 
out the  aid  of  a  speculum.  Tilt  the  tip  of  the  nose 
upwards  with  the  finger,  and  note  the  presence  of  any 
eczematous  or  ulcerated  condition  of  the  mucous 
membrane  or  skin.  Observe  whether  any  dried 
secretion  or  blood  can  be  seen.  Look  for  any  swell- 
ing, ulceration,  or  perforation  of  the  cartilaginous  part 
of  the  septum. 

Having  noted  these  points,  take  a  solid  two-bladed 
speculum,  warm,  and  introduce  it.  Hold  it  in  position 
with  the  left  hand,  and  gently  screw  the  blades  apart 
with  the  right.  The  first  object  to  be  observed  is 
usually  the  anterior  end  of  the  inferior  turbinated 
body.  Note  whether  it  is  larger  than  normal  or  not 
If  it  be  enlarged,  touch  it  with  a  probe  so  as  to  ascer- 
tain whether  the  enlargement  be  osseous  or  due  to 
swelling  of  the  mucous  membrane  merely.  Then  de- 
press the  patient's  chin  somewhat  so  as  to  bring  the 
inferior  meatus  into  view ;  then  ask  him  to  hold  his 
head  a  little  back  so  as  to  obtain  a  view  of  the  middle 
meatus  and  middle  turbinated  body.  The  latter  is 
considerably  lighter  in  colour  than  the  inferior  turbin- 
ated. The  superior  meatus  can  never  be  seen,  and 
fche  superior  turbinated  only  very  rarely. 

ThQ  presence  of  polypi  should  be  specially  looked 
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for  in  these  parts.  Their  recognition  is  facilitated  by 
the  use  of  the  probe.  Lastly,  turn  the  patient's  head 
a  little,  so  that  the  septum  can  be  inspected.  Note  any 
deviation  of  it,  or  the  presence  of  any  prominence  or 
spine,  or  the  existence  of  any  ulceration  or  perforation. 

Swelling  of  the  inferior  turbinated  body  sometimes 
obstructs  tlie  view  of  the  rest  of  the  nasal  cavity.  The 
application  of  a  little  10  per  cent,  cocaine  on  a  pledget 
ot*  wool  will  usually  cause  the  swelling  to  disappear. 

Posterior  rhinoscopy,  —  Thjs  is  the  only 
method  of  obtaining  a  view  of  the  posterior  nares.  In 
carrying  it  out,  the  position  of  the  observer,  the 
patient,  thereBector,  and  the  light  should  be  the  same 
as  for  laryngoscopy.  The  patient,  however,  should 
have  the  chin  rathei  depressed,  the  neck  not  being 
craned  out  as  in  the  examination  of  the  larynx. 

Select  the  smallest  laryngeal  mirror,  warm  it,  and 
ask  the  patient  to  open  his  mouth.  It  is  sometimes 
an  advantage  to  have  the  shaft  of  the  mirror  bent 
back  a  little  about  \\  in.  above  the  reflecting  surface. 
Introduce  a  right-angled  tongue  depressor,  and  hold 
down  the  tongue  with  the  left  hand.  Take  the  mirror 
in  the  right  hand,  and  pass  it  in  with  the  surface 
looking  upwards.  Introduce  it  behind  the  soft  palate, 
passing  along  between  the  uvula  and  the  left  anterior 
pillar  of  the  fauces.  Then  turn  the  mirror  a  little, 
iiO  that  its  surface  looks  upwards  and  forwards.  The 
posterior  nares  will  then  come  into  view.  What  one 
usually  sees  first  is  the  posterior  end  of  the  nasal 
septum.  It  looks  narrow,  sharp,  and  pale  in  colour 
below,  but  expands  a  little  and  looks  reddish  above ; 
a  slight  cushion-like  swelling  can  also  be  often  seen 
about  the  middle  of  it  on  each  side  (Fig.  142). 

On  the  outer  wall  the  posterior  end  of  the  middle 
turbinated  bone  can  usually  be  easily  seen  as  a  largo 
bluish-red  swelling.  Above  it,  one  can  see  the  superior 
meatus  and  the  end  of  the  superior  t,\iTb\iiaXfe^\iw\fe" 
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below  it  iiB  the  middle  Meatus  and  the  upper  part 
the  inferior  turbinate.     Observe  the  presence  of  on 
increase  in  size  of  any  of  tlieae  objects.     Note  also  th 
geneml  character  and  colour  of  the  mucoua  roembrani 
or  whether  anj  mucus  or  pus  can  be  seen  adhering 
it.     Next  turn  the  mirror  a  little  upwards  and  to  o 
side,  keepmf,  ifc  rather  low  down    ind  with  its  ba 
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againnt  the  tonsil,  and  look  for  the  cushion  of 
opposite  EuHtachian  tnbe,  which  can  nanallj  be  mad« 
out.     It  forms  a  bright  red  rounded  projection,  bouudn 
iiig  a  depression  which  le^ads  to  the  orifice  of 
Enstachian  tube.      Observe   whether    there 
secretion  at  the  mouth  of  the  latter,  or  any 
swelling  of  tlie  mucoua  membrane. 

Lastly  turn  the  surface  of  the  mirror  upwards, 
exaniine  the  vault  of  the  naao-phurynx,  noting 
cially  the  presence  of  any  adenoid  swelling  ur  tumi 
in  that  region.     Noraudly  the  roof  should  preaeDt 
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appearance  not  unlike  that  of  the  surface  of  the  tonsil 
(Luschka's,  or  the  pharyngeal  tonsil). 

Posterior  rhinoscopy  is  often  very  difficult  to  per- 
form. The  difficulty  may  be  due  to  there  being  very 
little  room  between  the  posterior  wall  of  the  pharynx 
and  the  soft  palate.  If  this  cannot  be  overcome  by 
inducing  the  patient  to  breathe  quietly  through  the 
nose,  or  to  sniff,  it  may  be  necessary  to  introduce  a 
palate  retractor,  but  for  a  description  of  this  process 
special  works  must  be  consulted.  Even  after  the 
mirror  is  properly  introduced,  it  is  not  always  easy 
to  recognise  what  one  sees.  This  is  largely  due  to 
the  fact  that  only  a  small  portion  is  seen  at  one  time, 
and  the  mirror  has  to  be  turned  about  till  every  part 
has  been  viewed  separately.  Experience  alone  can 
overcome  these  difficulties. 
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CHAPTER    XI. 

LocoMOTORY    System. 

(Bones,  Joints,  Gait.) 

The  locomolory  system  includes  the  muscles,  bones, 
and  joints.  The  examination  of  the  muscles  is  most 
conveniently  considered  along  with  that  of  the  nervous 
system  (Chap.  IX.).  There  remain  for  consideration 
the  bones  ai  d  joints. 

Bones  and  Joints. 

In  examining  the  long  bones  of  the  limbs,  look  (1) 
at  the  condition  of  the  shaft,  (2)  at  the  articular  ends. 

As  regards  the  shaft,  note  any  distension  or  bend- 
ing of  the  bone  and  any  signs  of  a  former  fracture. 
Then  pass  the  hand  along  the  bone,  noting  the  pres- 
ence of  any-tendemesb  or  thickening  of  it.  Thicken- 
ing is  most  likely  to  be  detected  on  the  exposed 
sui  faces  of  bones,  e.g,  over  the  anterior  surface  of  the 
tibia  and  at  the  lower  ends  of  the  radius  and  ulna. 
Such  thicken'ng  often  affords  valuable  evidence  of  old 
periostitis,  especially  of  the  syphilitic  form. 

As  regards  the  ends  of  the  bones,  note  the 
presence  of  any  general  enlargement,  such  as  occurs 
in  rickets,  or  of  any  nodulation  at  the  margins,  such 
as  one  finds  in  rheumatoid  arthritis. 

In  examining  a  joint^  note  first  the  points  which 
can  be  made  out  by  simple  inspection.  Observe  the 
position  in  ^  hich  the  patient  keeps  the  joint ;  note 
any  alterations  in  its  contour,  such  as  local  or  general 
swelling,  and  the  presence  or  absence  of  any  redness. 
Then  pass  to  palj  ation,  m  ting  whether  or  not  there 
is  any  inciease  of  local  heat  in  the  joint,  whether  it 
IS  tender  to  the  touch,  and  whether  one  can  make  out 
the  presence. oi  any  fluctuation  m  the  joint  cavity. 
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Then  tiy  to  move  the  joint,  observing  the  degree  of 
mobility  in  each  direction,  and  whether  or  not 
attempts  at  movement  produce  pain.  If  the  joint 
is  movable,  note  whether  any  sensation  of  grating  is 
produced  on  movement.  If  the  mobility  is  limited 
in  one  or  every  direction,  try  to  form  a  conclusion 
as  to  the  cause  of  the  limitation,  and  especially 
whether  it  is  due  to  changes  in  the  components  of 
the  joint  itself,  e.g,  contraction  of  ligaments,  or  fibrous 
or  bony  anchylosis,  or  whether  it  is  due  to  changes  in 
the  structures  surrounding  the  joint,  e.g.  shortening 
of  tendons.  Next  turn  your  attention  to  the  synovial 
membrane.  Try  to  make  out  whether  there  is  any 
thickening  or  bogginess  of  it.  Lastly,  examine  the 
articular  surfaces  of  the  bones,  moving  the  joint  (if 
possible)  so  that  the  edges  of  the  articular  surfaces 
can  be  examined  with  the  fingers.  Note  the  exist- 
ence of  any  irregularity  or  thickening  of  these,  and 
the  presence  of  any  outgrowth  or  "lipping"  of  them. 

The  vertebral  colmnn  and  skuU  demand 
special  attention.  Observe  in  the  former  the  presence 
of  any  local  projection  of  the  vertebral  spines.  If 
such  there  be,  state  which  are  the  vertebrae  involved, 
and  at  which  the  projection  is  most  prominent.  In 
counting  the  vertebrae  for  this  or  any  other  purpose, 
one  can  take  as  landmarks  either  the  spine  of  the 
vertebra  prominens  or  the  last  rib,  tracing  the  latter 
back  to  the  twelfth  dorsal  vertebra. 

In  many  cases,  however,  the  last  rib  cannot  be 
distinctly  felt.  It  is  therefore  rather  untrustworthy 
as  a  guide. 

Note  also  the  presence  of  any  curvature  of  the 
spinal  column  as  a  whole,  or  of  one  part  of  it,  distin- 
guishing carefully  such  general  curvature  from  the 
local  projections  above  referred  to. 

The  curvature  may  be  in  an  anterior  or  a  posterior 
direction,  or  laterally.     Anterior  curvature  va  <Kt\afc^ 
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lordosis,  and  is  commonest  in  the  lumbar  region. 
General  posterior  cui-vature  is  spoken  of  as  kyphosis. 
It  occurs  most  typically  in  the  dorsal  region  in  old 
persons,  and  must  be  distinguished  from  the  localised 
angular  curvature  of  spinal  caries.  Lateral  curvature 
is  termed  scoliosis,  and  may  be  towards  either  the 
right  or  the  left  side.  It  is  always  accompanied  by  a 
rotation  of  the  bodies  of  the  vertebrae  in  such  a  way 
that  the  spines  come  to  point  towards  the  concavity 
of  the  curve.  An  absence  of  the  normal  curves 
of  the  spine  may  be  an  indication  of  commencing 
vertebral  disease. 

Ask  the  patient  to  stoop  down,  and  notice  the 
degree  of  mobility  of  the  vertebral  column,  and  the 
occurrence  of  any  pain  during  stooping,  noting  the 
exact  site  of  the  latter,  if  present.  Then  pass  the 
hand  down  the  vertebral  column,  and  observe  whether 
any  tender  spots  can  be  made  out.  Such  tender 
spots  are  not  unfrequently  met  with  in  hysteria  and 
in  case^  of  irritation  of  the  posterior  nerve  root>s. 
Their  presence  can  often  be  more  easily  elicited  by 
drawing  a  sponge  wrung  out  of  hot  water  down 
the  vertebral  column ;  the  patient  complains  of  pain 
whenever  the  hypersesthetic  area  is  reached.  To 
elicit  more  deep-seated  tenderness  of  the  vertebrae,  it 
may  be  necessary  to  "  punch  "  the  spines  gently  with 
the  fist  from  above  downwards,  observing  the  point 
at  which  the  patient  complains  of  pain  and  verifying 
the  observation  by  repeating  the  process  from  below 
upwarda* 

In  studying  the  skull,  note  first  its  size.  For 
this  purpose  it  may  be  necessary  to  take  measnre- 
ments*  This  should  be  done  in  three  directions : 
(1)  antero-posteriorly  from  the  root  of  the  nose  to 

*  A  better  method  of  eliciting  deep-seated  tenderness  of  the 
ffpinej  e.g.  in  early  caries,  is  to  press  upon  the  top  of.  the  patient's 
head  or  upon  the  8hr»iil«\  ts  wliv\>l\\e '«  vu  \3Ckft  ^\«act  \KMiitiuu. 


The  Skull,  533 

the  external  occipital  protuberance;  (2)  circumfer- 
entially  at  the  level  of  a  line  drawn  horizontally 
round  the  skull  from  the  supra-orbital  ridges  in  front 
to  the  external  occipital  protuberance  behind;  (3) 
coronally  from  one  auditory  meatus  to  the  other.  If 
the  skull  is  abnormally  small,  the  patient  is  micro- 
cephalic. This  is  frequent  in  some  forms  of  idiocy. 
Abnormal  enlargements  of  the  skull  occur  in  hydro- 
cephalus, in  ostitis  deformans,  and  in  acromegaly. 

Next  observe  the  shape  of  the  skull.  Is  it 
of  the  dolichocephalic  (long-headed),  or  the  brachy- 
cephalic  (bullet-headed)  type  1  Are  the  two  sides  of 
the  head  symmetrical  1  Certain  well-recognised  types 
of  abnormal  skull  are  met  with.  In  hydrocephalus, 
1  he  skull  tends  to  assume  a  globular  form.  The  f ore- 
l:ead  is  overhanging  and  the  eyes  are  pushed  down  so 
that  the  upper  part  of  the  sclerotic  is  exposed.  The 
lateral  aspects  of  the  skull  (above  the  ears)  project 
outwards.  If  the  patient  is  a  child,  as  is  usually  the 
case,  the  fontanelle  is  wide  and  bulging,  and  often 
fluctuates  very  distinctly.  The  sutures  may  be  opened 
up,,  and  imperfectly  ossified  areas  (craniotabes)  may 
be  detected  in  the  bones.  In  rickets  the  skull  tends 
to  be  square  or  oblong  and  box-shaped.  The  frontal 
and  parietal  bones  often  show  central  thickening 
^*' bossing*').  The  forehead,  however,  does  not  over- 
hang, nor  are  the  eyes  depressed,  and  although  the 
fontanelle  is  usually  widely  open,  it  does  not  bulge 
as  it  does  in  hydrocephalus,  nor  are  the  sutures 
opened  up.  In  congenital  syphilis  the  forehead  is 
vortical,  the  frontal  eminences  are  often  exaggerated, 
and  the  bridge  of  the  nose  is  depressed. 

Having  noted  the  general  shape  of  the  skull, 
ask  the  patient  to  open  his  mouth,  so  that  one  may 
i^ee  the  hard  palate.  Observe  its  width  and  degree 
of  arching.  A  high,  much-arched,  and  narrow  palate 
is  often  one  of  the  minor  signs  of  mental  deficle-wR:^. 
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Next  proceed  to  the  palpation  of  the  skull* 

Note  first  the  thickness  of  the  scalp,  and  whether  it 
moves  freely,  as  it  ought,  upon  the  subjacent  bone. 
Atrophy  and  adherence  of  the  scalp  are  apt  to  be 
associated  with  skin  diseases  in  this  region,  and  are 
often  a  bar  to  successful  treatment.  Observe  the 
presence  or  absence  of  inequalities  in  the  bones,  such 
as  may  indicate  the  site  of  former  injury  or  fracture. 
If  a  swelling  be  detected,  pay  special  attention  to  its 
margins,  noting  whether  a  hard  rim  can  be  made  out 
and  whether  or  not  the  rim  disappears  on  firm 
pressure  steadily  applied  by  the  finger  for  a  minute  or 
two.  In  blood  extravasations  the  rim  disappears,  in 
a  depressed  fracture  it  persists.  Note  also  whether 
the  swelling  can  be  moved  as  a  whole  upon  the  skull 
or  not.  If  the  patient  be  a  child,  note  the  condition 
of  the  fontaneQes  and  sutures,  and  look  for  the 
presence  of  unossified  areas  in  the  bones  (craniotabes). 
The  best  place  to  look  for  these  is  in  the  neighbour- 
hood of  the  lambdoidal  suture.  They  feel  like  little 
spots  which  are  covered  only  by  parchment.  Observe 
the  presence  of  any  tender  spots  or  areas  on  the 
skull.  For  this  purpose  it  may  be  necessary  to  tap 
the  skull  gently  all  over  with  the  forefinger.  If 
tenderness  is  detected,  note  carefully  its  maximum 
point.  Such  tender  points  are  sometimes  met  with 
in  inflammatory  affections  of  the  cranial  bones  or 
membranes,  and  in  cases  of  superficially  situated  ^ 
intracranial  tumours,  but  they  may  also  be  present  in 
neuralgic  afiections  of  the  scalp. 

The  Gait. 

The  character  of  a  patient's  gait  is  often  an 
important  indication  of  the  nature  of  the  affection 
from  which  he  is  suflering.  It  is  specially  important 
in  cases  of  nervous  disease. 

In  studying  the  gait,   it  is  well,  if  possible,  to 
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have  the  legs  fully  exposed.  For  this  purpose  the 
patient  should  have  on  only  a  night-shirt  or  dressing- 
gown,  which  should  be  brought  through  between 
the  legs  from  behind,  and  pinned  up  in  front.  The 
feet  should  be  bare.  The  patient  is  then  told 
to  walk  away  from  the  observer,  to  turn  round 
at  a  given  point,  and  then  to  come  towards  him 
again. 

If  it  be  desirable  to  obtain  a  permanent  record 
of  the  patient's  footprints,  one  can  have  recourse  to 
photography.  Put  on  the  feet  a  pair  of  woollen 
socks,  and  dip  them  in  rather  thick  whiting. 
Then  ask  the  patient  to  walk  along  a  smooth 
floor.  The  marks  left  by  the  feet  can  then  be 
photographed. 

In  studying  the  gait,  the  points  to  be  noted 
are  : — (1)  Can  the  patient  walk  at  all  ]  This  being 
decided,  one  has  to  ask  oneself — (2)  Does  he  pursue 
a  straight  line,  or  does  he  tend  to  deviate  to  one  side 
or  the  other,  or  to  both  alternately  \  To  bring  out 
this  point,  it  is  well  to  ask  the  patient  to  walk  along 
a  straight  line — e.g.  a  crack  in  the  floor.  (3)  Does 
he  tend  to  fall,  and,  if  so,  in  what  direction  1  These 
questions  being  settled,  the  next  point  to  be  decided 
is  whether  the  gait  conforms  to  any  of  the  well- 
recognised  abnormal  typos.  Before  one  tries  to  make 
up  one's  mind  in  this  matter,  however,  it  is  well  to 
be  quite  sure  that  the  peculiarity  in  the  patient's  gait 
is  not  due  to  some  surgical  cause  or  to  local  disease 
of  a  joint — e.g.  rheumatoid  arthritis  of  the  hij). 
For  example,  we  have  known  the  peculiar  gait 
which  is  afiected  by  patients  with  congenital  double 
dislocation  of  the  hip  to  be  mistaken  for  the  result 
of  weakness  of  the  muscles  of  the  back,  and  treated 
by  massage  and  electricity.  A  previous  examination 
of  the  bones  and  joints  will  eliminate  such  sources 
of  fallacy. 
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The  three  chief  types  of  abnormal  gait  due  tc 
nervous  affections  are  : — 

1.  The  spastic ; 

2.  The  ataxic; 

3.  The  reeling. 

In  taking  a  patient's  case,  it  is  usually  sufficient 
to  state  that  the  gait  belongs  to  one  or  other  of  these 
types,  or  is  a  <jombination  of  one  or  more  of  them. 
The  chief  peculiarities  of  each  variety  are  as  follows  : — 

1.  The  spastic  may  be  described  as  a  "sticky " 
gait.  The  patient  has  difficulty  in  bending  his  knees, 
and  drags  his  feet  along  ais  if  they  were  glued  to  the 
floor,  the  toes  scraping  the  gv  X)und  at  each  step.  The 
foot  is  raised  from  the  grounv\  by  tilting  the  pelvis, 
and  the  leg  is  then  swung  forw^ards,  so  that  the  foot 
tends  to  describe  an  arc. 

This  gait  is  seen  most  characteristically  in 
patients  with  lateral  sclerosis  of  the  cord.  The 
heuiipleg^c  g^ait  is  essentially  a  spastic  gait  in 
which  only  one  leg  is  affected. 

2.  The  ataxic  may  be  described  as  a  "  stamping  " 
gait.  The  patient  raises  his  feet  very  suddenly,  often 
abnormally  high,  and  then  jerks  them  forward, 
bringing  them  to  the  ground  again  with  a  stamp, 
and  often  heel  first.  He  seems  to  exhibit,  also,  an 
indefiniteness  of  purpose  in  the  place  chosen  to  put 
down  the  foot,  and  the  feet  while  in  the  air  do  not 
move  in  one  plane,  but  are  waved  about,  as  it  were, 
before  being  set  down.  By  adopting  a  "  broad  base," 
the  patient  tries  to  counteract  the  unsteadying  effects 
of  his  style  of  progression.  This  gait  is  best  seen  in 
cases  of  locomotor  ataxy. 

3.  The  reelings  gait  may  be  described  as  a 
** drunken**  gait,  and,  therefore,  requires  no  further 
description.  It  will  be  observed  that  patients  with 
this  gait  walk  ^'on  a  broad  base,"  the  feet  beix^g 
planted  widely   apart.      It  is  important    to  notice 
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whether  supporting  the  patient  by  his  axiUye  abolishes 
the  reeling  tendency.  In  some  casesof  cerebellardisease, 
such  support  has  been  observed  to  abolish  the  patient's 
vertigo  for  the  time  during  which  he  is  supported. 

This  gait  occurs  most  typically  in  cases  of  cere- 
bellar lesion.  It  is,  therefore,  sometimes  referred  to 
as  a  **  cerebellar  gait." 

Some  rarer  varieties  of  abnormal  gait  may  be 
briefly  referied  to.     These  are  : — 

The  •'  festinant  g^ait."  This  is  the  form  of 
gait  met  with  in  typical  cases  of  paralysis  agitans. 
The  patient  is  bent  forwards,  and  advances  with  rapid 
short  shuffling  steps,  so  that,  as  has  been  said,  "  he 
looks  as  if  he  were  trying  to  catch  his  centre  of 
gravity."  In  some  cases,  if  one  suddenly  pulls  the 
patient  backwards,  he  begins  to  walk  backwards, 
and  is  unable  to  stop  himself,  though  he  is  leaning 
forwards  all  the  time.  This  peculiar  phenomenon  is 
spoken  of  as  *•  retropuhion.^^ 

The  iraddling^  or  oscillating  gait  is  like  the  gait 
of  a  duck.  The  body  is  usually  tilted  backwards, 
there  being  a  degree  of  lordosis  present ;  the  feet  are 
planted  rather  widely  apart ;  and  the  body  sways  more 
or  less  from  side  to  side  as  each  step  is  taken.  The 
heels  and  the  toes  tend  to  be  brought  down  simul- 
taneously. The  chief  peculiarities  of  this  gait  are  due 
to  a  difficulty  in  maintaining  the  centre  of  gravity  of 
the  body  owing  to  weakness  of  the  muscles  of  the  back. 
It  is  met  with  in  pseudo-hypertrophic  paralysis  and 
in  congenital  dislocation  of  the  hip. 

The  hig[li-sieppiiig[  or  prancing  gait  is  a  device 
adopted  by  the  patient  to  prevent  his  tripping  from 
his  toes  catching  the  ground.  It  is,  therefore,  met 
with  in  cases  where  the  toes  tend  to  droop  from  weak- 
n'  ss  of  the  extensor  muscles,  e.g,  in  peripheral  neuritis 
affecting  the  anterior  tibial  nerve.  The  name  suf- 
ficiently describes  its  characters. 
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CHAPTER    XII. 

Thb  Clinical  Examination  op  Children. 

The  clinical  examination  of  young  children  is  a 
matter  full  of  difficulty  to  the  inexperienced.  It  has 
to  be  carried  out,  not  merely  without  the  help  of  the 
patient,  but  often  in  spite  of  his  strenuous  opposition. 
In  this  chapter  we  propose  to  point  out  the  best 
methods  of  ascertaining  the  necessary  facts,  and  also 
the  chief  points  in  which  the  child  diflfers  from  the 
adult  in  a  clinical  sense. 

The  history  of  the  patient  and  hi«  illness  must,  of 
course,  in  the  case  of  young  children,  be  ascertained 
from  the  mother  or  friends.  The  best  sclieme  of 
interrog^ation  to  employ  will  be  found  on  p.  11. 
Whilst  the  history  is  being  elicited  opportunity  may  be 
taken  to  cultivate  the  friendship  of  the  child  or,  at  all 
events,  to  get  him  accustomed  to  one's  presence.  The 
history  having  been  ascertained,  one  proceeds  to  an 
examination  of  the  child.  This  requires  gentleness 
and  deliberation,  combined  with  infinite  patience  and 
good  temper.  If  one  is  at  all  hurried  or  rough,  the 
child  begins  to  cry  at  once,  and  the  subsequent 
examination  is  rendered  a  thousandfold  more  difficult. 
We  would  emphasise  the  fact  that  it  is  almost  im- 
possible to  be  really  systematic  in  one's  examination 
of  children.  Certain  things  must  always  be  looked 
for,  but  no  definite  order  can  be  observed  in  looking  for 
them.  One  has  to  seize  the  opportunity  of  ascertain- 
ing a  fact  as  it  presents  itself,  and  a  rigorous  adherence 
to  "  systems  "  is  often  out  of  the  question.  In  the  first 
place,  a  number  of  points  can  be  ascertained  before  the 
child  is  undressed.  One  can  study  the  fades  of  the 
chiJd,  note  its  complexion,  the  colour  of  its  lips,  and 
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whether  or  not  the  aJse  nasi  are  acting.  One  should  also 
at  this  period  of  the  examination  count  the  respiration 
and  pulse-rate  ;  it  is  very  important  to  get  these  noted 
while  the  child  is  still  undisturbed. 

The  respirations  can  usually  be  counted  by 
merely  watching  the  movements  of  the  child's  abdomen, 
that  being  very  much  more  affected  by  respiration 
in  young  children  than  the  chest  is.  The  normal 
rate  of  a  newly-born  child  is  40  or  so  respirations 
per  minute,  by  the  second  year  they  have  fallen  to  30 
or  so,  at  the  fifth  year  they  are  about  25,  and  by  fifteen 
they  have  sunk  to  20.  Much  more  important  than 
tlie  absolute  number  of  respirations  is  the  ratio 
of  respiration  to  pulse.  Normally  this  should  be  as 
1  :  3J  or  4 

The  pwlse  is  best  counted  by  allowing  the  mother 
to  hold  the  child's  hand  in  hers ;  the  fingers  of  the 
physician  are  then  quietly  slipped  over  the  mother's 
hand  on  to  the  child's  wrist  and  the  pulse  counted. 
If  the  child  has  begun  to  cry,  it  is  useless  to  take  the 
pulse-rate,  as  it  may  be  at  least  20  beats  above  the 
normal  rate.  The  pulse-rate  at  birth  should  be  130, 
by  the  second  year  it  has  reached  110,  by  the  fifth  100, 
by  the  eighth  90,  and  by  the  twelfth  80 ;  after  this  it 
gradually  $inks  to  the  normal  adult  rate.  During 
sleep  the  pulse-rate  always  falls  about  10-20  beats. 
As  a  matter  of  fact,  the  examination  of  the  pulse  in 
infancy  is  of  comparatively  little  clinical  value.  It  is  of 
little  use  as  an  index  of  the  vital  powers,  the  fonta- 
nelle  replacing  it  in  that  respect.  The  vessel  being 
extremely  small,  the  characters  of  the  pulse-wave  can 
hardly  be  ascertained ;  irregularity  by  itself  is  of  com- 
paratively little  significance,  being  very  common,  even 
in  healthy  infants,  and  being  almost  the  rule  in  sleep. 
A  pnlse  which  is  continuously  slow  and  irregular  is, 
however,  of  great  significance. 

These  preliminary  facts  having  been  noted,  the 
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child  should  be  stripped  and  placed  in  a  blanket  on 
tlie  knee  of  the  mother  or  nurse ;  examination  must 
then  be  proceeded  with  bj  the  usual  methods  of  in- 
spection, palpation,  auscultation  and  percussion.  In 
the  clinical  investigation  of  children  it  must  be  noted 
that  the  two  former  methods  are  of  much  the  greatest 
assistance. 

It  is  well  to  begin  by  looking  and  feeling  the  child 
all  over.  One  notes  the  general  state  of  develop- 
ment and  nutrition,  the  state  of  the  skin,  whether 
dry  and  fevered,  or  moist,  and  the  presence  or  absence 
of  any  rash  or  skin  eruptions,  and  whether  or  not  the 
normal  degree  of  elasticity  is  present.  The  shape  of 
the  chest  and  the  degree  of  prominence  of  the  abdomen 
should  be  noted,  it  being  borne  in  mind  that  the  rickety 
and  pigeon-breasted  types  of  chest  are  very  common 
in  diseased  children,  and  that  a  rather  protuberant 
abdomen  is  to  be  regarded  as  normal.  The  hand 
should  then  be  lightly  passed  over  the  head.  The 
state  of  the  anterior  foiitanelle  should  first  be 
investigated.  The  fontanelle  closes  normally  between 
the  fifteenth  month  and  the  second  year.  If  it  re- 
mains patent  after  the  second  year,  it  is  often  a  sign 
of  disease  —  most  usually  of  rickets.  -Too  early 
closure  of  the  fontanelle  occuri^  in  some  forms  of 
microcephaly  and  idiocy. 

The  degree  of  tension  of  the  fontanelle  is  of  great 
importance.  In  health  it  pulsates  distinctly,  and 
is  neither  sunken  nor  unduly  elevated.  A  depressed 
fontanelle  is  an  important  sign  of  exhaustion ;  a  tense 
fontanelle  indicates  increased  intracranial  pressure. 
It  must  be  borne  in  mind,  of  course,  that  the  fon- 
tanelle is  normally  tense  when  the  child  is  crying. 
The  systolic  bruit  heard  over  the  fontanelle  is  of  no 
clinical  importance. 

The  sliape  of  the  head  and  of  its  bones  must 
bQ  investigated.      The  develoi^tuent  of  "hosses** 
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("  Parrot's  nodes  ")  on  the  frontal  and  parietal  bones 
is  a  common  occurrence  in  rickets,  especially  in 
syphilitic  children.  One  should  also  look  for  evidence 
of  craniotabes  (in  young  babes)  and  of  rheumatic 
nodules  (in  older  children).  The  general  shape  of  the 
head  as  a  whole  should  always  be  noted ;  it  may  bo 
box-shaped  as  in  rickets,  or  globular  as  in  hydro- 
cephalus ;  it  may  be  abnormally  small  or  large,  or  it 
may  be  asymmetrical. 

Passing  from  the  head,  one  may  examine  the  long 
bcnes.  In  children,  this  is  of  extreme  importance ; 
many  of  the  commonest  and  most  serious  diseases  of 
infancy  affect  the  bones  more  prominently  than  any 
other  part  of  the  body.  Look  for  thickening  or  ten- 
derness along  the  shafts  of  the  bones.  This  may  be 
due  to  scurvy,  to  syphilitic  or  to  suppurative  perios- 
titis, or  to  tumours.  Examine  carefully  the  epiphyses. 
In  rickets  these  become  enlarged.  This  is  most  easily 
seen  where  the  ribs  join  their  cartilages,  the  thicken- 
ing there  forming  a  row  of  bead-like  prominences 
("  rickety  rosary  ").  It  is  also  easily  seen  at  the 
wrists.  The  frequency  of  inflammatory  affections  of 
the  epiphyses  should  also  be  borne  in  mind.  The 
presence  or  absence  of  ^^ rheumatic  nodules" 
should  also  be  noted.  These  94^0  little  fibrous  bodies 
varying  in  size  from  that  of  a  large  pin's  head  to  a 
pea,  or  even  bigger.  They  occur  not  in  the  perios- 
teum, but  in  the  deep  fascia,  where  it  covers  super- 
ficial bones,  and  also  in  the  sheaths  of  tendons.  They 
should  be  looked  for  especially  over  the  olecranon  and 
patella.  They  are  usually  movable,  but  not  tender. 
If  found,  they  are  pathognomonic  of  rheumatism. 
The  vertebral  column  should  always  be  examined 
for  signs  of  tubercular  disease  or  curvature. 

At  this  point,  if  not  earlier,  the  child's  tem- 
perature should  be  taken.  In  young  children  the 
thermometer  should  be  inserted  into  tJxe  roctx^^x^  ^\. 
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placed  in  the  groin  or  axilla  ;  in  older  children  it  may 
be  placed  in  the  mouth.  It  should  be  remembered  tliat 
the  temperature  in  children  is  much  more  variable 
than  in  adults,  and  often  goes  up  upon  very  little 
provocation. 

One  must  now  proceed  to  the  examination  of 
the  thorax  and  abdomen.  The  front  of  the 
chest  and  the  abdomen  may  be  examined  together, 
and  either  after  or  before  the  posterior  aspect  of  the 
chest.  The  order  adopted  should  be,  firstly,  inspection 
and  palpation,  then  auscultation,  and,  last  of  all,  per- 
cussion. Percussion  is  left  to  the  last,  owing  to  the 
fact  that  it  frequently  makes  the  child  cry. 

In  palpation, .  be  sure  that  the-  hand  is  qujte 
warm  ;  this  is  even  more  important  in  examining  the 
child  than  in  the  case  of  an  adult.  In  auscultation 
one  should  use  either  the  immediate  method— the  ear 
being  applied  to  the  skin  directly  (this  is  only  applic- 
able in  examining  the  back),  or  else  one  should  use  a 
binaural  stethoscope.*  The  latt/er  enables  one  to 
follow  slight  movements  on  the  part  of  the  child 
better  than  one  can  with  a  wooden  instrinent.  If 
the  chest-piece  of  the  stethoscope  is  made  of  metal, 
remember  to  warm  it  before  applying  it  to  the  chest. 
There  is  only  one  point  to  be  observed  in  the  per- 
cussion of  a  child,  and  that  is,  that  the  strol.e 
should  be  lighU  This  is  not  merely  in  order  to  avoid 
frightening  the  little  patient,  but  also  to  escape  the 
confusion  which  is  apt  to  arise  from  the  excessive 
resonance  of  the  child's  chest. 

When  the  abdomen  and  front  of  the  chest  have 
been  run  over  in  this  way,  one  should  turn  his  atten- 
tion to  the  posterior  aspect  of  the  lungs.  For  the 
examination  of  these,  the  child  should  not  be  laid  on 

*  The  chest-piece  of  the  stethoscope  should  be  short,  for  when 
the  child  is  on  his  mother's  knee  there  is  often  but  httle  space 
between  him  and  her. 
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his  face,  as  that  interferes  with  respiration,  and  causes 
the  abdominal  viscera  to  push  up  the  diaphragm, 
but  he  should  be  held  against  the  mother's  breast  with 
his  head  looking  over  her  shoulder.  In  this  way  the 
whole  of  the  back  of  the  chest  can  be  gone  over. 

Last,  but  by  no  means  least,  comes  the  examination 
of  the  mouth  and  throat.  It  is  impossible  to 
exaggerate  the  importance  of  systematically  examin- 
ing the  mouth  and  throat  in  all  cases  of  illness  in 
children.  At  the  same  time,  it  is  just  this  part  of  the 
clinical  examination  in  which  we  are  most  likely  to 
meet  with  opposition ;  and  for  that  reason  it  is  left  to 
the  last,  as  it  may  be  necessary  to  employ  coercion  in 
order  to  get  it  carried  out^ 

Begin  by  looking  at  the  tong^ue*  Sometimes  the 
child  will  put  out  its  tongue  when  asked.  In  little 
babies  gentle  pressure  on  the  chin  will  often  cause 
the  mouth  to  be  opened,  when  a  view  of  the  tongue 
can  be  obtained.  Or  if  a  drop  of  milk  or  a  little 
sugar  be  placed  just  outside  the  lip,  the  child  will 
often  put  out  its  tongue  in  order  to  lick  it  off.  In 
more  refractory  children  it  may  be  necessary  to  push 
the  lower  lip  over  the  teeth,  and  then  to  press  the  lip 
down  against  the  lower  incisors.  The  child  then 
opens  its  mouth  in  order  to  avoid  having  its  lip  cut. 
With  very  obstinate  children  one  may  be  obliged  to 
compress  the  nostrils  until  the  mouth  is  opened  to 
get  breath. 

Once  the  child  has  been  induced,  either  voluntarily 
or  by  aid  of  one  of  the  above  devices,  to  open  its 
mouth,  one  should  note  the  state  of  the  buccal 
mucous  membraney  remembering  the  fre'quency 
of  thrush,  stomatitis,  and  ulcerations  in  children. 
The  number  and  character  of  the  teeth  should  be 
observed  {see  also  p.  46),  and  the  finger  should  be 
run  along  the  gum  to  feel  for  any  teeth  that  may 
be  about  to  come  through.     One  must  then  ^^cysftsA^ 
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to  an  examination  of  the  throat*  The  child  should 
be  wrapped  in  a  towel  to  restrain  the  movements  of 
its  arms.  The  mother  or  nurse  sits  down  opposite  a 
good  light  and  takes  the  child  on  her  lap.  Another 
assistant  steadies  the  child's  head  from  behind.  The 
child  having  then  been  induced  or  compelled  to  open 
its  mouth,  one  introduces  a  small-sized  tongue  de- 
pressor and  holds  down  the  tongue,  thus  exposing 
the  pharynx.  The  finger  will  often  serve  instead  of 
an  instrument,  and  has  the  advantage  of  frightening 
the  child  less.  Look  for  any  enlargement  of  the 
tonsils,  for  any  redness  of  the  mucous  membrane, 
and  especially  for  the  presence  of  any  membranous 
patches  on  it. 

Palpation  of  the  pharynx  must  also  be  carried 
out  in  many  cases.  To  do  this  one  must  stand  behind 
the  child,  and  when  its  mouth  is  open  push  in  the 
cheek  from  one  side  between  its  molar  teeth.  This 
serves  as  a  gag,  and  effectually  prevents  the  child 
from  attempting  to  bite.  The  forefinger  is  then 
passed  to  the  back  of  the  pharynx  and  up  behind  the 
soft  palate.  Note  the  presence  of  any  adenoids,  or 
any  bulging  into  the  posterior  wall  of  the  pharynx, 
which  may  be  the  indication  of  the  presence  of  a 
retro-pharyngeal  abscess. 

We  have  now  indicated  the  general  routine  method 
to  be  employed  in  examining  a  child,  but  there 
remain  some  special  points  which  we  have  not  yet 
taken  up.*  These  we  shall  consider  briefly  under 
the  different  systems : — 

•  The  following  summary  of  the  chief  facts  to  be  noted  in  the 

feneral  inspection  and  palpation  of  a  child  may  be  of  service, 
t  is  taken  from  a  scheme  in  use  by  Dr.  John  Thomson : — 
Appearance  (if  healthy  or  otherwise) — nutrition  and  develop - 
ment-— complexion  (anaemia,  cyanosis,  jaundice,   etc.) — state  of 
skin  (dryness,  moisture,  eruptions,  desquamation,  pigmentation, 
oedema)— attitude,  expression,  demeanour,  temper. 

Shape  of  head  and  state  of  its  ossification  (loiitanelle,  crjEmio- 
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1.  General  condition. — Special  importance 
attaches  to  the  regular  weighing  of  children.  Altera- 
tions in  i^vcight  from  time  to  time  are  of  much  help 
in  prognosis  and  treatment.  It  should  be  remem- 
bered that  a  healthy  child  should  weigh  at  birth  about 
seven  pounds.  This  should  be  doubled  by  the  time 
the  fifth  month  is  reached,  and  trebled  in  the  first 
year.  By  the  sixth  year  it  is  again  doubled,  so  that 
a  healthy  child  of  six  should  weigh  about  three 
stones.  This  is  again  doubled  when  the  fourteenth 
year  is  reached. 

mCeasurenient  of  the  head  is  often  of  importance. 
Two  measurements  are  usually  sufficient — a  coronal 
measurement  from  one  auditory  meatus  to  the  other, 
and  a  circumferential  measurement  at  the  level  of  the 
root  of  the  nose  and  external  occipital  protuberance.* 

2.  Alimentary  system* — Note  that  the  liver 
is  normally  rather  large  in  children,  and  usually 
reaches  at  least  half  an  inch  below  the  costal  paargin. 
Enlargement  of  the  spleen  is  very  frequent  in 
infantile  diseases.  It  is  best  made  out  by  palpa- 
tion, the  hand  being  passed  across  the  child's 
abdomen  from  right  to  left.  By  depressing  the 
finger  tips  opposite  the  eleventh  interspace  the  edge 
of  the  spleen,  if  the  organ  is  enlarged,  may  be  felt 
as  it  descends  during  inspiration. 

tabes) — facial  irritability — ^hair— eyes,  nose,  and  ears  (formation 
of,  and  if  any  discharge  from)— shape  of  thorax,  abdomen,  back, 
and  limbs  (especially  the  hands)  —  enlarged  glands — evidence  of 
rickets,  syphilis,  and  tuberculosis. 

Character  of  voice,  cry,  and  cough — rate  and  character  of 
respiration  (if  noisy,  dyspnceic,  or  painful) — ^movements  of  alss 
nasi — rate  and  character  of  pulse — temperature. 

Palpation  of  abdomen  ^tenderness,  resistance,  fluid,  size  of 
Uver  and  spleen,  tumours,  etc.). 

*  The  circumference  of  the  head  at  nine  months  should  be 
about  17  in. ;   at  twelve  months,  about  19in. ;   at  seven  years,  ' 
20-21  in.    After  three  years  of  age  a  circumferential  measurement 
of  19  in.  is  too  smalL 
J  J 
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Inepection  of  the  stools  should  never  be  omitted. 
The  healthy  infant,  oa  the  breast  or  bottle  only, 
has  two  or  three  stools  daily.  These  should  be  of 
the  colour  and  consistence  of  beaten-up  eggs.      Any 


alterations  in  frequency,  colour,  or  consistence,  or  tbe 
presence  o£  worms,  should  be  carefully  noted. 

3.  Circulatory  system. — Note  that  the  apex 
beat  of  the  child  is  normally  rather  hig;her  than  in 
the  adult.  It  is  usually  in  the  fourth  space  just  on^ 
side  the  mammary  line  (Pig.  143).     It  should  also  b« 
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obsersed  that  alterations  in  the  general  contour  of 
the  pi'SECordia  are  much  more  frequent  results  of 
cardiac  disease  in  children  than  in  adults.  As 
regards  auscultatic  n,  it  should  be  remembered 
that  the  pulmonary  second  sound  in  the  young  child 
is  normally  rather  louder  than  the  aortic.  The  pul- 
monary second  is  accentuated  if  it  be  i  ermanently 
louder  than  the  first.  The  aortic  second  is  accen- 
tuated if  it  be  as  loud  as  the  pulmonary. 

Remember  also  that  hamic  bruits  are  very  rare 
in  babies,  while  congenital  bruits  are  relatively  very 
frequent.  We  have  already  mentioned  that  the 
cardiac  rhythm  in  the  child  is  not  unfrequently 
irregular  even  in  health. 

4.  The  blood. — It  is  sometimes  diflSicult  to  get 
a  large  enough  drop  of  blood  from  the  ear  of  a  child. 
In  that  case,  a  piece  of  woollen  thread  should  be 
twisted  round  the  thumb — not  too  tightly — and  the 
latter  punctured  with  a  triangular  needle  at  the  root 
of  the  nail.  In  very  young  children  nucleated  red 
blood  coipuscles  are  normally  present  in  the  blood 
in  small  numbers.  *  The  leucocytes  are  more  numerous 
in  the  child  than  in  the  adult;  12,000  per  cmm.  is 
not  uncommon.  The  uni-nucleated  leucocytes  are 
relatively  more  abundant  than  in  the  adult.  In 
newly-born  babies  the  percentage  of  haemoglobin  is 
often  very  high. 

5.  Respiratory  system. — A  child  uses  its 
diaphragm  much  more  than  its  intercostals  in 
breathing.  Hence  the  movements  are  chiefly 
abdominal,  and  there  is  little  real  chest  expansion. 
Any  indrawing  of  the  lower  interspaces  on  inspira- 
tion should  always  be  looked  for.  It  occurs  whenever 
there  is  obstruction  to  the  entrance  of  air  {e,g,  diph* 
theria),  but  may  also  be  present  where  there  is 
collapse  of  the  lower  parts  of  the  lungs,  and  also  in 

*  This  is  only  true  during  the  first  few  days  of  life. 
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pneumonia,  [n  "  extra- auscultation  "  one  should  bo 
'  e  outlook  for  auy  stridor,  and  for  the  existence 
sliort,  giunting  expiration.  The  lattei 
frequent  sijjn  of  severe  respiratory  disease.  In  the 
Kilult  the  normal  cycle  of  resiiiration  is,  of  course, 
ins[iirat;ou,  expiratiou,  pause.  In  the  child  this  ia 
often  reversed,  so  thut  one  gets  lii-st  a  short  expira- 
tion, succeeded  by  a  longer  inspiration,  and  then. 
by  a  pause.  Tiiis  revei'sal  is  speciiiily  frequent 
in  respiratoiy  disease  or  embarrassment.  The  i-e- 
flpiratory  pauses  are  often  very  prolonged  in  the 
child,  so  that  one  has  to  wait  a  long  time  if  one  ia 
ausculting  before  the  next  inspiration  is  heard. 
The  normal  breath  sound  in  the  child  is,  after  the 
age  of  six  months  or  so,  puerile  in  type.  Vocal 
resonaDcc  is  often  difficult  to  estimate.  In  babies 
one  may  make  use  of  the  cry  as  a  producer  of  vocal 
resonance;  in  older  children  one  may  ask  them 
their  name,  get  tliem  to  count,  etc.  It  should  be 
remembered  as  a  genera!  rule  tliat  if  the  breath 
sounds  are  distinctly  htkrsher  on  one  side  than  the 
other,  then  the  harsh  aide  is  probably  the  nommL 
Children's  chests  conduct  sound  very  readily.  Hence 
abnormal  sounds,  especially  ci'epitatioas,  are  very  apt 
to  be  heard  on  botli  sitles,  although  they  are  really 
only  being  produced  on  one.  The  great  frequency 
of  collapse  of  part  of  the  lung  should  be  borne  iu 
mind  in  diagnosing  pidmonary  disease  in  infancy. 
In  percussing  the  lungs  in  children  one  must,  as 
already  mentioned,  use  a  very  light  stroke.  One 
should  also  take  care  only  to  percuss  when  the 
chest  has  been  filled  by  an  inspiration,  otherwise 
Oie  may  lie  led  into  thinking  tliat  there  is  duloesa 
present. 

It  should,  also  be  remembered,  that  the  cheat- 
wall  of  a  young  child  is  so  elastic  that  one  can  often 
obtain  the  "  craukoil-pot "  sound  ou  heavy  perci]a£>i.>u,. 
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even  although  the  lung  be  perfectly  healthy.     This  is 
especially  apt  to  occur  if  the  child  is  crying. 

6.  Urinary  system. — It  is  difficult  to  collect  the 
total  quantity  of  urine  passed  by  a  child  per  diem. 
A  rough  table  of  the  average  quantity  for  each  child 
will  be  found  at  page  297.  Sugar  is  very  rarely 
present  in  the  urine  of  children,  but  albumin  is  often 
met  with,  even  in  healthy  babies. 

7.  Kei'vous  system. — Mo^r  paralysis  is  to 
be  made  out  by  watching  whether  the  child  ever 
moves  the  suspected  limb:  One  cannot  estimate  the 
paralysis  as  one  does  in  adults  by  means  of  passive 
resistance.  Remember  that  inability  to  walk  is  not 
necessarily  a  sign  of  paralysis  of  the  legs.  One 
must  note  whether  the  legs  are  moved  when  the 
child  is  sitting  or  lying.  Thus  a  rickety  child  may 
not  be  able  to  walk,  but  moves  his  legs  freely  if  one 
tickles  the  soles.  A  child  with  infantile  paralysis  of 
the  legs  cannot  move  the  limbs  in  any  circumstances. 

The  iciiee  jerics  in  little  children  are  best 
elicited  by  placing  the  child's  foot  on  one's  hand  as  a 
stirrup,  and  then  gently  percussing  the  tendon.  The 
latter  lies  rather  to  the  outer  side  in  the  child,  and  is 
comparatively  narrow,  so  that  one  may  easily  miss  it. 

The  superficial  reflexes  are  usually  more  brisk 
in  healthy  children  than  in  adults.  The  exact  local- 
isation of  sensory  paralysis  is  extremely  difficult  in 
children,  but  sensory  lesions  occiir  but  rarely  in  infancy. 

In  examining  the  eyes  with  the  ophthalmoscope, 
the  direct  method  is  that  which  it  is  best  to  employ. 
The  child  may  be  examined  while  lying  on  its  back, 
a  lamp  being  held  alongside  the  head,  but  at  a  some- 
what lower  level.  It  may  be  necessary  to  hold  open 
the  lids,  but  as  far  as  possible  avoid  touching  the 
child  at  all.  One  must  often  be  satisfied  with  mere 
fleeting  glimpses  of  the  disc. 

In  testing  light  perception  iu  little  children,  it 
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best  to  hold  a  candle  in  front  of  the  eyes,  and  see  if 
they  attempt  to  follow  its  movements.  One  may  also 
threaten  the  cornea  by  suddenly  bringing  the  finger 
near  it,  and  observing  whether  the  child  winks  before 
the  eye  is  touched. 

In  examining  the  ears,  one  must  remember  the 
shortness  of  the  auditory  meatus  in  the  child,  and  the 
great  obliquity  of  the  drum  membrane.  The  magni- 
fication of  the  view  by  means  of  an  ophthalmoscopic 
lens  is  a  useful  aid  in  these  cases. 

It  is  often  difficult  to  gauge  the  intellectual 
capacity  of  a  young  child.  Early  signs  of  idiocy 
are — inability  to  support  the  head,  which  often  rolls 
about  helplessly;  causeless  screaming;  inability  to 
notice  things  ;   and  backwardness  in  grasping. 

In  older  children  we  can  inquire  as  to  progress  at 
school,  etc.,  or  ask  the  patient  questions.  Get  him 
to  count,  multiply,  and  so  on.  The  position  of  the 
child  in  the  school  is  a  rough  guide  to  the  develop- 
ment of  the  intelligence.  A  normal  child  remains  in 
the  infant  school  until  he  is  seven  years  of  age,  after 
which  he  enters  the  standards.  The  average  age  of 
the  children  in  each  standard  is  as  follows  : — 

Standard       I.       ...         ...         7-8  years. 


19 
19 
9} 
19 


99 


9» 


II.           .. 

8-  9 

III.          .. 

9-10 

IV.       .. 

10-11 

V.       .. 

11-12 

VL       .. 

12-13 

VII.       .. 

13-14 

9) 


99 
99 
99 
99 


9) 


A  normal  child  should  have  begun  to  walk  a  little 
by  the  age  of  eighteen  months.  Talking  begins  at  a 
variable  time  after  this.  The  distinction  drawn  by 
West  between  children  that  are  idiotic  and  those  that 
are  merely  backward  may  also  be  of  help  in  the  in- 
vestigation; a  backward  child  would  be  normal  for  a 
younger  age ;  an  idiot  would  be  abnormal  at  any  age. 
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CHAPTER  XIIT. 

The  Examination  op  Pathological  Fluids. 

In  this  chapter  we  propose  to  deal  with  the  method 
of  examining  fluids,  which  may  be  obtained  from  one 
of  the  body  cavities  or  from  abnormal  growths,  in 
order  to  obtain  information  which  may  be  of  help  in 
diagnosis. 

The  fluid  is  obtained  by  means  of  "  exploration.'' 
An  ordinary  hypodermic  needle  may  be  employed, 
but  special  "  exploring "  needles — which  are  really 
merely  large  and  strong  hypodermics — are  also  sold. 
The  needle  should  be  of  such  calibre  that  it  is  capable 
of  sucking  up  oil.  If  it  is  able  to  do  that,  it  will  be 
able  to  suck  up  any  fluid  likely  to  be  met  with  in 
exploring.  Before  being  used,  the  needle  should  be 
sterilised.  This  is  best  done  by  sHpping  it  into  a 
test  tube,  covering  it  with  water  or  weak  carbonate 
of  soda  solution,  and  boiling  for  three  minutes.  It 
should  then  be  placed  in  boracic  lotion.  The  use  of 
strong  carbolic  lotion  for  sterilising  exploring  needles 
is  to  be  avoided,  as  it  produces  a  coagulation  of  albu- 
minous fluids,  which  may  block  the  needle  or  cause 
the  fluid  to  seem  opalescent.  The  patient's  skin 
should  be  cleansed  with  some  1  in  20  carbolic  acid  at 
the  spot  selected  for  puncture.  As  a  rule,  it  is  not 
necessary  to  employ  any  local  anaesthetic.  In  very 
nervous  patients  a  small  spot  of  skin  may  be  frozen 
by  means  of  the  ethyl  chloride  spray.  It  should  be 
remembered,  however,  that  the  local  reaction  after 
freezing  causes  really  more  pain  than  the  original 
])unctuie.  The  needle  should  be  held  short,  with  the 
forefinger  of  the  operator  resting  on  it  near  the 
|»oint.     It  should  be  introduced  rapidly  and  steadily  > 
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but  without  any  *''  stab."  When  the  needle  has  been 
fully  entered,  the  piston  is  withdrawn.  Should  no 
fluid  be  obtained,  the  needle  is  drawn  slowly  out- 
wards, whilst  a  negative  pressure  is  maintained  in  the 
syringe.  It  may  then  be  found  that  fluid  is  obtained 
nearer  the  surface. 

Whebb  to  Puncture. 

In  the  case  of  the  pleural  cavity,  the  puncture 
is  best  made  in  the  9  th  or  10th  space  midway 
between  the  posterior  axillary  and  scapular  lines, 
this  being  the  point  at  which  fluid  which  is  lying  free 
in  the  cavity  is  most  likely  to  be  obtained.  In  cases  of 
localised  dulness,  one  must  be  guided,  of  course,  by 
circumstances.  Usually,  however,  one  selects  that 
point  where  the  dulness  is  most  absolute  and  the 
breath  sound  faintest. 

Puncture  of  the  peritoneal  cavity  may  be  per- 
formed either  in  the  middle  line  through  the  linea 
alba,  or  laterally,  about  a  point  on  a  line  with,  but 
rather  above,  the  anterior  superior  spine.  The  former 
position  ensures  that  no  large  blood-vessel  will  be 
injured  ;  but  by  lateral  puncture  one  is  more  certain 
of  entering  fluid,  especially  if  the  patient  be  turned 
over  somewhat  on  to  the  side  of  operation.  Before 
puncturing  in  the  middle  line  be  sure  the  bladder  is 
empty,  and  never  insert  a  needle  at  any  point  unless 
it  yields  a  dull  note  on  moderately  heavy  percussion. 

In  puncturing  the  pericardium  one  sliould 
select  a  spot  in  the  third,  fourth  or  fifth  interspace, 
at  a  distance  of  ^  in.  to  1  in.  from  the  left  margin  of 
the  sternum,  the  exact  spot  depending  on  the  degree 
of  distension  of  the  sac. 

Liumbar  puncture  is  a  method  now  not  un- 
frequently  resorted  to  for  ascertaining  the  character 
of  the  effusion  in  cases  of  increased  exudation  into 
the  subdural  space.     It  is  most  usually  required  m 
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children.  An  antitoxin  needle  is  best  for  the  pur- 
pose. The  patient,  preferably  anaesthetised,  should 
be  on  his  right  side,  slightly  bent  forward,  and  lying 
over  so  that  the  spine  is  towards  the  operator.  Trace 
the  last  rib  back  to  the  twelfth  dorsal  spine,  and 
count  down  from  this  to  the  third  lumbar.  Put  the 
left  thumb  on  the  third  interspinous  space,  enter  the 
needle  J  in.  to  the  right  of  it,  and  pass  slightly 
inwards  and  upwards  for  a  depth  of  f  in.  to  1  in., 
depending  on  the  age  of  the  patient.  A  syringe  is 
not  essential,  but  forms  a  useful  handle  to  the  needle. 
The  fluid  usually  escapes  in  drops  ;  a  continuous  flow 
indicates  increased  pressure.  Lateral  movement  of 
the  needle  should  be  avoided,  as  it  may  produce 
bleeding.  The  fluid  should  be  collected  in  a  sterilised 
test  tube.  Its  characters  and  their  significance  will 
be  referred  to  later. 

In  the  exploration  of  cysts,  etc.,  one  must  be 
guided  by  local  circumstances,  the  rule  being  to 
select  for  puncture  that  part  of  the  tumour  which 
is  nearest  the  surface,  and  where  one  is  not  likely 
to  injure  important  structures. 

Examination  of  the  Fluid. 

The  fluid  having  been  obtained,  it  should  be 
transferred  to  a  conical  glass  and  allowed  to 
settle. 

Note  first  its  physical  characters.  The  chief 
of  these  are  the  colour,  consistence,  specific  gravity, 
odour,  and  the  appearance  of  the  deposit  (if  any). 

As  regards  the  colour  of  the  fluid,  one  of  the  most 
important  points  to  note  is  whether  it  is  bloodstained 
or  not.  It  must  be  borne  in  mind,  however,  that  a 
small  amount  of  blood  is  apt  to  get  into  the  fluid 
in  the  process  of  exploring.  Observe,  also,  whether 
the  fluid  is  transparent,  opaque,  or  opalescent. 

Opacity  is  usually  due  to  the  presence  of  cellulai? 
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elements ;  opalescence  to  fatty  particles  or  large 
numbers  of  micro-organisms.* 

Opacity  or  opalescence  due  to  fat  may  be  removed 
by  adding  to  the  fluid  some  caustic  potash  solution 
and  then  shaking  up  with  ether.  The  fat  is  dissolved 
out,  and  if  the  ether  is  sprinkled  on  to  blotting 
paper  leaves  a  stain.  Fluid  which  is  opaque  from 
the  presence  of  much  fat  is  usually  spoken  of  as 
"  chylous." 

Pathological  fluids  are  usually  of  a  more  or  less 
watery  consistence.  Viscidity  usually  indicates 
the  presence  of  mucin.  It  should  be  carefully  noted 
whether  or  not  the  consistence  of  the  fluid  alters  on 
standing.  Many  pathological  fluids  clot  after  standing 
for  some  time.     The  clot  consists  of  fibrin. 

The  specific  g^i^avily  is  taken  with  a  urinometer  j 
the  same  precautions  being  used  as  in  the  case  of  urine 
(p.  303). 

Most  fluids  are  devoid  of  odour ;  sometimes, 
however,  they  are  extremely  fetid. 

The  amount  and  colour  of  the  deposit  should  be 
noted.  If  red,  it  probably  consists  of  red  blood 
corpuscles  ;  if  white,  it  may  be  made  up  of  leucocytes, 
cancer  cells,  etc. 

For  chemical  investigation  the  fluid  should 
first  be  filtered.  In  the  examination  of  the  filtrate 
the  following  points  must  be  attended  to  : — 

1.  The  reaction. — This  is  almost  invariably  alka- 
line.    Sometimes  it  is  neutral. 

2.  The  presence  of  serum  albumin  and  serum 
globulin. — This  is  ascertained  by  means  of  the  same 
tests  as  have  already  been  described  for  the  urine 
(p.  328).  If  these  proteids  are  present  in  large  amount, 
the  fluid  is  coagulated  on  boiling,  even  although  the 
reaction  is  alkaline.     If  proteids  are  scanty,  the  fluid 

*  Opalescence  may  apparently  be  due  also  to  the  presence  of 
peculiar  forirw  of  proteid  yid  of  lecitbmt 
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ns  of 


ehonld  first  be   rendered   elightly  BCid  by 
dilute  acetic  acid 

\s  in  the  case  of  the  urme,  nothing  is  gamed  by 
tesimg  for  aJbumin  and  globulin  separately     Albw 


■noses  and  pvptone  are  almost  never  found  in 
the  fiutdB  under  consideration. 

The  quantitative  estimation  of  albumin  and 
globulin  cannot  be  accurately  carried  out  in  ordinary 
clinical  woik.  Approximate  results  may  be  obtained 
by  the  use  of  Esbach's  tube.    The  fluid  must  first  be 


^^^H  very 
^^^^B  down 
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very  freely  diluted,  so  as  to  biinj;  the  apeciBi 

down  to  loos,   iLnd  should  theu  be  reiklered  acid  by 

means  of  acetic  add  (set  p.  331). 

3.  TIjc  presence  of  niuciu  or  nucleo-Rlbnmin 
IB  proved  by  the  appearance  of  a  precipit&te 
addition  of  acetic  acid.     The  method  of  distiiiguifihiiig 
between  the  two  has  been  already  indicated  (p.  335). 

4.  Sugar  should  be  tested  for  by  rendering  tha' 
fluid  KlighUy  acid,  boiling,  and  lUtering,  The  iiltrate 
is  then  evaporated  down  to  a.  email  bulk,  and  the  tests 

for    glucose    described 
at  pp.  341-346  applied. 

5.  Urea 
often  pFL-aent, 
in  Iracea,  in  ordinary 
patbolugiual  fluids.  In 
fluiik  derived  from 
!.he  uriitiiry  organs  it 
may  be  more  abun- 
dant, und  should  be 
tested  for  by  removiuy 
all  proteids  by  heat, 
evaporating  the  fil- 
trate to  u  small  bulb, 
(escribed  on  }).  315. 


I  and  tben  testing  for 


Micnosoopic  Examination  of  tub  Sedimbst. 


Some  of  the  deposit  ij 
drop  of  it  placed  i 
d,      .If  desired,  film 


taken  up  with  a  pipette, 
n  a  slide,  covered  and  ez- 
of  it  may  be  made  in  the 
y  as  in  tbe  case  of  blood  (p.  220).  This 
fairly  well  if  the  deposit  cuosists  of  cancer 


One   may  recognise    under    the    microscope  (1) 

Lolements  derived  from  the  blood — altered  red  and 

white  oorpuBclea      The  reco;;nition  of  altered  wliito 

BcorpuBcieB  or  pus  cells  is  facibtated  )>y  m 
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drop  of  the  deposit  a  Bmall  quantity  of  a  1  per  cent 
solution  of  acetic  and  to 


which  a  Lttle  methi  1 
,reen  hae  been  added 
The  nuclei  are  then  more 
easilv  recognised  (2) 
Epilh4<lial  4clU  of 
larious  sorts  The  re 
cognition  of  cancer  cells 
IS  of  spiecial  importance 
Ihe  addition  of  a  little 
picrocarmine  or  magenta 
facilities  the  process  Po 
not  mistake  ordinary  en 
dotbehal  cells  for  them 
Cancer  cells  should  be 
targe  Dumerous  and  show  ^i 
grouj  int[  here  and  there. 
The  cells  met  with  in  *^ 
Huids  derived  from  mahg 


^\ 


nant  ovarian  cysts 


4*^- 


lalignant  peritonitis  following 
such  cysts  are  known  as 
Fouhs  cells  (Fig  144) 
rhey  are  large  <^s  con 
taming  one  or  more 
nuclei  about  the  size  of 
a  red  blood  corpuscla 
They  may  either  have  a 
smooth  outline  or  may 
show  httle  buds  or  pro- 
jections indicating  rapid 
proliferation.  Very 
similar  cells  are  met 
with  in  effusions  due  to 
malignant  disease  of  the 
pleura.  In  fluids  de- 
rived from  hydatid  cystfl, 
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scolices  and  hooliJets  may  be  found  (p.  103) 
(3)  Crystals — e.g.  of  cholesterin  (Fig.  145),  or 
of  fatty  acids  (Fig.  146),  fragments  of  muscular 
tissue,  etc. — are  sometimes  met  with.  (4)  The 
pus  from  cases  of  actinomycosis  contains  small 
seedlike  nodules.  If  one  of  these  is  bruised 
between  a  slide  and  cover  glass,  and  examined  with 
the  high  power,  it  will  be  seen  to  consist  of  a  central 
mass  of  detritus,  radiating  out  from  which  are  a 
number  of  club-shaped  highly  refractile  bodies  (Fig. 
147).  If  there  is  any  diflGlculty  in  identifying  the 
fungus,  cover- slip  preparations  should  be  made,  and 
stained  by  Gram's  method  (Appendix,  20).  For 
other  staining  methods,  see  p.  590.  (5)  The  detection 
of  the  Amceba  dysenterise  in  the  pus  of  ab- 
scesses, especially  in  the  liver,  is  often  of  great 
diagnostic  value.  The  organism  is  described  at  p.  106. 
If  one  fails  to  find  it  in  pus  removed  by  exploration 
or  in  that  obtained  when  the  abscess  is  first  opened, 
one  must  not  jump  to  the  conclusion  that  it  is  not 
present  in  the  abscess.  It  frequently  does  not  appear 
in  the  discharge  until  three  or  four  days  after  the 
abscess  has  been  opened.  This  is  probably  to  be 
explained  by  the  fact  that  the  habitat  of  the  organism 
is  in  the  wall  of  the  abscess  (Manson). 

General  Characters  of  the  Principal  Fluids. 

1 .  Inflammatory  and  dropsical  eflasions. 

Inflammatory  eff*usions  are  often  spoken  of  as 
exudates ;  dropsical  efiusions  as  transudates.  They 
present  the  same  general  appearances,  being  clear 
fluids  of  a  yellowish  green  colour,  and  containing 
much  albumin  and  globulin.  It  is  very  difficult  to 
tell  a  dropsical  from  an  inflammatory  fluid  by 
chemical  or  other  examination.  It  would  appear 
that  the  amount  of  proteids  in  an  eflusion  depends 
much   more  upon   site   than   upon  cause.      Pleura] 
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fluids  contain  the  highest  percentage  of  proteitls, 
peritoneal  fluids  rather  less,  and  subcutaneous  fluids 
very  little.  The  fluid  in  cardiac  dropsy  is  more 
highly  albuminous  than  in  dropsy  of  renal  origin. 
From  a  diagnostic  point  of  view  all  one  can  say  is 
that  a  fluid  with  a  specific  gravity  of  more  than 
1018,  which  contains  more  than  4  per  cent,  of 
albumin,  is  almost  certainly  inflammatory ;  while 
one  with  a  specific  gravity  of  less  than  1015,  and  an 
albumin  percentage  of  less  than  2 J,  is  certainly 
dropsical.  Between  these  limits  one-  must  be  in 
doubt.  Nor  is  the  occurrence  of  coagulation  in  the 
fluid  after  tapping  of  much  help.  If  the  coagulation 
be  very  rapid  and  complete,  the  fluid  is  probably 
inflammatory,  but  considerable  coagula  may  form 
even  in  purely  dropsical  fluids  after  standing  for  some 
time. 

Variations  in  the  specific  gravity,  etc.,  of  fluids 
obtained  by  repeated  tapping  in  the  same  case  are 
of  no  prognostic  value.  A  marked  rise  in  specific 
gravity  and  amount  of  albumin  may,  however, 
indicate  the  supervention  of  inflammation. 

2.  Fluid  obtained  by  lumbar  panclare.— 
Ordinary  cerebro-spinal  fluid  is  perfectly  clear  and 
colourless,  resembling  distilled  water.  It  contains 
very  little  albumin  {-^^  per  cent.),  and  if  evaporated 
to  a  small  bulk  and  tested  will  be  found  to  reduce 
Feh ling's  solution,  owing,  probably,  to  the  presence 
of  j)yrocacechin.  This  is  the  kind  of  fluid  which  is 
found  in  cases  of  cerebral  tumour.  In  cases  of 
meningitis  the  fluid  is  not  clear,  but  turbid  from 
the  presence  of  cellular  elements.  The  turbidity  may 
be  so  slight  that  it  is  only  noticed  after  shaking  the 
fluid  and  holding  it  up  to  the  light.  It  contains 
quite  an  appreciable  amount  of  albumin,  varying 
from  \  per  cent,  in  chronic  cases  up  to  1  or  2  per 
cent  in  those  which  are  acute ;  and  a  small  clot  of 
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fibrin  usually  appears  in  it  after  standing  for  some 
time.  It  does  not  usually  contain  any  reducing  sub- 
stances. The  bacteriological  examination  of  the 
fluid  is  of  special  importance,  and  should  be  carried 
out  as  in  Chapter  XIV. 

3.  The  chief  characters  of  the  other  fluids  likely 
to  be  met  with  on  exploration  are  contained  in  the 
foregoing  table. 


K  K 
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CHAPTER    XIV. 

Clinical   Bacteriology. 

In  order  to  make  a  complete  bacteriological  examina- 
tion, three  methods  of  observation  are  necessary. 
These  are  microscoi)ic  study  of  the  organisms,  their 
cultivation  on  suitable  media,  and  the  effects  pro- 
duced by  their  inoculation  into  various  animals.  To 
obtain  material,  and  to  carry  out  the  subsequent 
examination,  the  following  instruments,  all  of  which 
must  be  thoroughly  sterilised  immediately  before  use, 
are  required : — 

1.  Platinmn  needles,  about  3  in.  in  length 
and  sufficiently  stout  not  to  bend  very  readily,  fused 
into  glass  handles.  Some  of  these  should  have  their 
ends  curved  into  a  small  loop,  others  ought  to  have 
the  last  half  centimetre  bent  at  right  angles  to  the 
rest  of  the  wire,  whilst  a  few  should  remain  straight 
and  have  their  free  extremity  somewhat  flattened  like 
a  narrow  spatula. 

2.  Ismail  sterile  pipettes.— For  clinical  use, 
ordinary  vaccination  tubes,  carefully  sterilised  and 
then  sealed  off,  are  very  serviceable.  A  few  larger 
ones  are  also  needed. 

3.  Sivabs  for  collecting  particles  from  false 
membranes.  To  make  these,  a  piece  of  stiff  copper 
wire,  about  IJ  millimetres  in  diameter  (No.  17  stan- 
dard wire  gauge),  should  be  employed.  A  portion, 
7  in.  long,  should  have  a  flat  loop  made  at  one 
end,  round  which  a  small  piece  of  absorbent  cotton 
wool  must  be  firmly  twisted.  Wool  must  not 
be  used  that  has  been  rendered  antiseptic  with 
mercuric  chloride  or  other  disinfectant.  A  test 
tube  about  an  inch  shorter  than  the  wire  is   then 
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selected,  and  its  mouth  plugged  with  a  stopper  of 
cotton  wool,  through  which  the  wire  passes.  There- 
after the  tube  with  its  contained  swab  is  carefully 
sterilised  by  heat.  Several  such  swabs  should  be 
taken  to  the  patient,  and,  after  having  been  used  to 
collect  the  material  which  requires  examination,  can 
be  replaced  in  their  test  tubes  and  brought  back  to 
the  laboratory  without  fear  of  contamination. 

4.  A  hypodermic  syringe  which  can  be  steril- 
ised by  boiling.  One  which  the  writers  have  found 
convenient  is  designed  by  Strauss,  and  sold  by  Collin 
of  Paris.  The  plunger  is  made  of  elder  pith,  and  by 
a  simple  adjustment  can  readily  be  fitted  to  the  piston 
rod,  and  the  other  joints  are  also  rendered  secure  by 
discs  of  the  same  substance.  Boiling  improves  rather 
than  injures  the  pith  fittings,  and  when  one  has  worn 
out,  a  new  disc  can  easily  be  cut  with  a  penknife 
from  a  piece  of  fresh  pith. 

In  order  to  sterilise  the  swabs,  test-tubes,  and 
other  apparatus,  a  small  dry  heat  oven  is  required ; 
the  workroom  should  also  contain  a  centrifuge,  test- 
tubes,  beakers,  flasks,  funnels,  filter  papers,  a  Bunsen 
burner,  capsules,  watch-glasses,  forceps,  slides  and 
cover  slips,  stains  and  reagents,  and  a  good  micro- 
scope, magnifying  at  least  500  or  600  diameters.  If 
cultures  are  to  be  made,  an  incubator  and  a  numl)er 
of  other  accessories  are  necessary  in  addition  to  those 
already  enumerated. 

The  capsules  should  be  of  porcelain,  nickel,  or 
platinum,  and  should  be  employed,  wherever  heat  has 
to  be  applied  to  staining  fluids,  in  place  of  watch 
glasses,  which  crack  readily.  Metal  capsules  should 
be  scrupulously  washed,  and  then  sterilised  by  heating 
to  redness  in  a  flame.  Porcelain  ones  should  also  be 
sterilised  by  heat,  and  must  not  be  used  after  they 
become  cracked. 

Slides  and  cover  |[lasses« — The  latter  m»a^ 
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be  thin,  preferably  No.  1,  and  both  should  be  cleansed 
with  Van  Ermengen's  solution.  Thereafter  they  may 
be  kept  in  a  covered  vessel  under  alcohol  until  they 
are  required.     {See  Appendix,  26.) 

The  most  generally  useful  forceps  for  holding 
cover  glasses  are  those  known  as  Comet's.  In  these 
the  spring  is  so  arranged  that  the  cover  glass  is  firmly 
held  until  released  by  pressure,  and  the  blades  are 
constructed  so  that  the  cover  slip  is  in  a  horizontal 
position  when  the  forceps  are  laid  down.  The  two 
blades  of  this  forceps  should  be  dissimilar,  one  side 
having  an  aperture  punched  in  the  spring.  The  film 
side  of  the  cover  glass  should  invariably  correspond 
with  the  aperture ;  this  obviates  all  risk  of  error  in 
preparing  and  mounting  the  specimen  In  selecting 
a  pair  of  Comet's  forceps  one  should  reject  any  which 
when  laid  on  the  table  fail  to  hold  the  cover  slip 
horizontally,  and  also  those  the  ends  of  whose  blades 
meet  at  a  somewhat  acute  angle,  as  they  are  less 
secure  in  their  grip,  and  are  apt  by  capillary  action 
to  draw  ofi^the  stain  from  the  film. 

The  stains  which  are  most  employed  belong  to 
the  basic  aniline  dyes,  and  are  either  simple  aqueous 
and  alcoholic  solutions,  or  contain  a  mordant,  such  as 
an  alkali,  carbolic  acid,  or  aniline  oil,  which  makes 
the  ba^^teria  take  up  the  stain  better  and  retain  it 
more  fiimly.  Most  of  these  dyes  are  so  used  that 
the  preparation  is  first  overstained  and  then  the 
excess  washed  out  by  suitable  reagents,  when,  owing 
to  the  greater  tenacity  with  which  bacteria  clin^  to. 
the  colouring  matter,  tliry  remain  clearly  visible 
after  all  else  has  become  partially  decolorised.  A  few 
stains,  however,  e.g,  Bismank  brown,  are  emplo}od 
difiereiitly,  as  their  selective  action  is  so  marked 
from  the  very  outset,  and  their  tendency  to  overstain 
is  so  slight,  that  there  is  no  need  of  securing  differ- 
entiation by  the  more  tedious  method  of  oyerstaining 
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and  then  washing  out.      Such  stains  generally  act 
with  fair  rapidity. 

For  most  purposes  the  following  stains  suffice  : — 

1.  Fuchsin     ...         •••     saturated  alcoholic  solution. 

2.  Gentian  violet      ...     saturated  alcoholic  solution. 

3.  Methylene  blue    ...     saturated    watery   solution. 

4.  Bismarck  brown  ...         ..•  aqueous  solution. 

5.  Loffler's  stain        ...         ...  \ 

6.  Ziehl-Neelsen's  stain  [for  tubercle]  (see  Appendix, 

7.  Carbolthionine      |         20-23. 

8.  Gram's  reagents    ...         •••  ) 

The  stains  must  not  be  kept  too  long,  must  be  fre- 
quently filtered,  and  should  be  examined  from  time  to 
time  for  bacteria,  which  occasionally  invade  them — es- 
pecially when  the  solutions  are  aqueous — and  unless 
detected  may  lead  to  serious  mistakes. 

For  mounting  the  specimens  one  may  employ  Far- 
rant's  medium  if  the  slide  is  not  to  be  permanently 
preserved,  otherwise  Canada  balsam  in  xylol  should 
be  used.  It  is  very  important  to  remember  that  some 
stains  make  bacteria  look  larger  than  others  do,  and 
also  that  their  apparent  size  is  less  when  they  are 
mounted  in  balsam  than  when  the  examination  is 
made  with  a  drop  of  water  or  with  Farrant's  medium. 
When  cultures  are  desired,  tubes  containing  nutrient 
gelatin,  blood  serum,  agar-agar,  and  glycerine  agar, 
and  flasks  of  bouillon  must  be  provided.  These  can 
occasionally  be  obtained  from  dealers,  but  are  better 
prepared  in  a  well-equip] led  laboi*atory.  The  details 
of  preparation  are  outside  the  scope  of  this  text-book. 

The  uieihod  of  examiuatlon  which  is  most 
readily  available  in  clinical  work  is  the  preparation  of 
films  on  cover  slips.  The  technique  is  as  follows : — 
A  cover  slip,  which  must  be  thin  enough  to  admit  of 
the  film  being  examined  through  it  by  an  oil  immA«A£!i<CL 
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lens,  and  which  is  thoroughly  clean,  is  taken,  and  a 
very  small  drop  of  the  fluid  under  examination  is 
spread  over  it  in  a  thin  layer  by  a  sterilised  platinum 
needle.  If  the  material  is  too  solid,  as  may  be  the  case 
when  cheesy  particles  are  being  examined,  a  drop  of 
distilled  water  must  be  added  and  intimately  mixed 
with  the  mass  before  the  cover  slip  is  smeared  with  it. 
The  excess  of  fluid  is  then  allowed  to  evaporate  by 
holding  the  preparation,  fllm  upwards,  some  height 
above  a  flame,  and  the  ary  film  is  "  fixed  "  by  passing 
it  thrice  through  a  Bunseu  or  spirit  flame,  film  upwards, 
at  such  a  rate  that  each  transit  occupies  something 
less  than  a  second. 

Thereafter,  in  order  to  make  the  background  stain 
less  deeply,  it  is  immersed  for  one  minute  in^  1  per 
cent,  aqueous  solution  of  acetic  acid.  It  is  then 
quickly  dried,  and  fixed  in  the  forceps,  film  upwards. 
A  test  tube  is  taken  and  half  filled  with  distilled 
water,  and  the  selected  stain,  which  should  have  been 
recently  filtered,  is  added  imtil  the  fluid  is  just  trans- 
parent. Take  up  a  few  drops  of  the  dilute  stain  with 
a  pipette  and  apply  it  to  the  film.  To  avoid  a  ring  of 
deposit  on  the  cover  slip,  sufiicient  stain  must  be 
applied  to  cover  its  entire  surface.  After  the  lapse  of 
a  couple  of  minutes  wash  the  slip  with  water,  dry  it 
thoroughly,  and  mount  in  xylol  balsam.* 

The  specimen  must  be  examined  with  a  high- 
power  objective.  In  most  instances  an  oil  immersion 
lens  of  -^  inch  focus  should  be  used,  although  in  many 
cases  ajower  power,  such  as  a  Zeiss  D  objective,  may 
be  sufficiently  strong  for  clinical  purposes.  The  micro- 
scope should  be  provided  with  an  Abb^  condenser 
the  diaphragm  of  which  must  be  used  fully  opened,  and 
the  plane  mirror  employed  to  reflect  the  light.  The 
inner  tube  of  the  microscope  should  be  drawn  out  to 

*  Some   stains,  e,g,  Loffler*s   methylene   Uue,  take  muoh 
longer ;  for  details,  we  Appendix,  22, 
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the  length  for  which  the  objective  is  constructed. 
Continental  objectives  mostly  work  to  best  advantage 
with  a  tube  length  of  160  mm.  English  objectives 
require  a  tube  length  of  10  inches. 

In  using  the  oil  iminersion  lens,  a  drop  of  prepared 
cedar  oil  is  placed  on  the  cover  glass,  and  the  objective 
lowered  by  the  hand  or  coarse  adjustment  untU  it 
touches  tlie  surface  of  the  oil ;  the  focussing  is  then 
carefully  performed  with  the  fine  adjustment.  As 
the  lens  is  delicate  and  the  working  distance  small, 
great  care  must  be  taken  not  to  bring  the  lens  and 
cover  glass  into  contact ;  and  when  the  observation  is 
completed  the  cedar  oil  must  be  gently  wiped  from 
the  surface  of  the  objective  with  a  piece  of  old  silk. 

In  examining  a  hanging  drop  prepai-ation,  such  as 
is  used  in  testing  for  typhoid,  care  must  be  taken  not 
to  break  the  unsupported  cover  glass  in  focussing  with 
the  oil-immersion  lens.  Curtis*  advises  the  following 
procedure  in  such  cases.  Find  the  edge  of  the  drop 
with  a  low  power  objective,  and  observe  that  beyond 
this  there  is  an  area  of  minute  points  of  water  con- 
densed on  the  under  surface  of  the  cover  slip.  This 
dew  should  be  brought  to  the  centre  of  the  field,  the 
low  power  lens  replaced  by  the  oil  immersion,  and 
the  latter  directed  upon  the  dew,  which  is  much  more 
easily  focussed  than  are  the  contents  of  the  hanging 
drop  itself.  The  slide  is  then  moved,  witlumt  cUtervng 
the  /0CU8,  until  the  drop  occupies  the  field  of  vision, 
and  its  contents  both  near  the  centre  and  towards 
the  periphery  can  be  examined  without  any  risk  of 
breaking  the  preparation.  Once  the  focus  of  the 
upper  surface  of  the  drop  has  thus  been  defined, 
careful  use  of  the  fine  adjustment  will  readily  bring 
any  other  plane  of  the  preparation  into  sight. 

When  a  tube  requires  to  be  inoculated  the  follow- 
ing procedure  should  be  adopted  : — 

*  CurtiBy  "Essentials  of  Practical  Bacteriology,"  p.  8U 
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The  tube  containing  the  pathological  fluid  is  held 
between  the  thumb  and  first  finger  of  the  left  hand, 
so  that  the  mouth  with  its  stopper  of  cotton  wool  is 
on  the  palmar  sida  The  tube  to  be  inoculated  is 
similarly  held  between  the  first  and  second  fingers 
of  the  same  hand,  with  the  surface  of  the  nutrient 
medium  upwards.  Both  tubes  should  be  held  as 
horizontally  as  possible  short  of  wetting  the  stoppers 
with  the  contents.  A  platinum  needle  is  then  taken 
in  the  right  hand,  thoroughly  sterilised  by  heating  to 
bright  redness,  and  allowed  to  cool  again.  The 
stopper  of  the  specimen  tube  is  then  withdrawn  by 
the  right  hand  and  placed  between  the  fourth  and 
fifth  &gers  of  the  left  hand,  and  finally  the  stopper 
of  the  nutrient  tube  is  withdrawn  and  retained 
between  the  fingers  of  the  right  hand,  care  being 
taken  that  the  stoppers  are  only  held  by  their 
external  ends.  The  needle  is  then  dipped  into  the 
specimen,  and  the  smallest  trace  of  it  is  withdrawn 
and  transferred  to  the  surface  of  the  nutrient  medium, 
along  which  a  streak  is  drawn.  The  tubes  are 
at  once  re-stoppered,  the  needle  again  sterilised, 
and  the  culture  placed  in  an  incubator  as  soon  as 
convenient. 

When  micro-organisms  are  very  abundant  in  the 
specimen,  several  tubes  should  be  successively  in- 
oculated without  recharging  the  needle.  In  this 
way,  though  the  growth  is  excessive  in  the  first,  in 
the  third  or  fourth  the  colonies  are  more  scattered, 
•ind  pure  cultures  may  be  separated  out. 

A  cheap  metal  pen-rack  is  a  convenient  support  on 
which  to  lay  the  needle  after  it  has  been  sterilised, 
when  a  number  of  tubes  are  being  dealt  with. 

Special  Methods. 

1.  Sputum.  —  The  sputa  which  are  of  the 
greatest  importance  bacteriologically  are   those    of 
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pneumonia  and  of  phthisis.  In  pneumonia  the 
diplococci  are  mosi  readily  found  when  the  disease 
is  at  its  height.  Select  a  rust-coloured  portion  of 
sputum,  spread  it  in  as  thin  a  film  as  possible,  dry, 
fix,  and  stain  with  the  fuchsin  solution  employed  foi 
tubercle  bacilli  as  recommended  by  Ziehl.  Decolorise 
by  means  of  warm  water.  If  successful,  the  cocci 
will  be  darkly  stained,  and  the  surrounding  oapaule 
will  appear  in  a  fainter  shade  of  red. 

In  tubercular  sputum  much  of  the  success  depends 
on  the  choice  of  a  suitable  specimen.  The  sample 
should  be  chosen  from  the  interior  of  one  of  the 
mucopurulent  masses  that  are  seen  underneath  the 
serous  fiuid  portion.  If  the  mass  is  so  tenacious  that 
a  suitable  piece  will  not  adhere  to  the  needle,  spread 
the  sputum  in  a  shallow  glass  vessel  and  either  pick 
out  the  part  required  with  sterilised  forcef)S  or  plunge 
a  hot  needle  into  the  mass,  when  a  portion  will 
adhere  to  it;  care  must  be  taken  not  to  use  the 
central  charred  mass.  When  the  sputum  comes 
from  a  phthisical  cavity  it  may  contain  almost  pure 
cultures  of  tubercle  bacilli  in  its  interior,  though  the 
outer  surface  of  the  mass  is  naturally  contaminated 
during  its  passage  through  the  mouth.  To  prevent 
confusion  from  spread  of  contamination,  the  sputum 
ought  always  to  be  examined  as  soon  as  possible  after 
it  has  been  expectorated.     (Frontispiece,  b.) 

In  cases  of  haemoptysis  the  best  specimens  in 
which  to  seek  for  bacilli  are  often  the  small  dark 
red  clots  that  are  coughed  up  a  day  or  two  after 
the  attack  has  subsided. 

In  acute  miliary  tuberculosis  without  typical 
tubercular  sputum,  it  may  be  almost  impossible  to 
demonstrate  the  presence  of  the  bacilli. 

In  difficult  cases  the  sputum  should  be  heated 
with  caustic  soda  and  water  till  a  homogeneous  fluid 
is  produced.     This  is  set  aside  for  thirty-siz  hours  in 
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a  conical  test  glass  and  the  sediment  examined,  or 
the  sedimentation  may  be  more  rapidly  effected  by  a 
centrifuge. 

When  a  suitable  specimen  has  been  obtained,  it 
should  be  spread  very  thinly  and  evenly  on  a  cover 
glass,  and  allowed  to  dry  in  the  air  at  the  tempera- 
ture of  the  room.  When  it  is  quite  dry^  it  is  taken  in 
a  forceps  and  passed  several  times  rapidly  through 
a  smokeless  flame,  as  has  been  already  described, 
to  coagulate  the  albuminous  materials,  and  so  fix 
the  film  to  the  glass.  It  should  then  be  placed 
film  downwards  on  the  top  of  a  little  carbol-fuchsin 
stain  contained  in  a  capsule,  and  the  fluid  heated 
till  steam  rises.  Generally,  it  is  well  to  repeat  the 
heating  three  or  four  times.  Then  wash  in  water 
and  decolorise  in  a  20  per  cent,  solution  of  sulphuric 
acid  until  all  the  elements  except  the  bacilli  have 
parted  with  the  stain.  As  a  rule,  this  is  accomplished 
in  from  one  to  three  minutes.  Wash  once  more  in 
water,  dry,  and  mount  either  in  a  drop  of  Tarrant's 
medium  if  the  specimen  is  not  to  be  kept  for  any 
length  of  time,  or  in  Canada  balsam  dissolved  in 
xylol  if  a  more  permanent  preparation  is  required. 

The  specimen  must  be  examined  with  a  high 
power  and  good  illumination  ;  by  preference  with  an 
oil  immersion  lens  and  Abbd  condenser — though  for 
clinical  work  a  lower  power  is  often  sufficient. 

Many  workers  prefer  to  counterstain  with  a 
watery  solution  of  methylene  blue  for  one  minute. 
This  has  the  advantage  of  revealing  the  other  ele- 
ments present  in  the  sputum,  and  the  disadvantage 
of  making  the  detection  of  the  tubercle  bacilli  rather 
more  difficult. 

2.  Blood* — This  may  be  readily  examined  by 
careful  sterilisation  and  subsequent  pricking  of  the 
finger-tip,  so  as  to  make  a  drop  of  blood  exude 
with  which  to  prepare  films  on  cover  glasses.     Since 
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it  is  often  very  difficult  to  obtain  complete  disin- 
fection of  the  skin,  an  alternative  metho|d  may  be 
adopted,  and  blood  aspirated  from  a  vein  in  the  arm 
by  means  of  a  syringe.  In  this  case  the  syringe, 
which  should  have  a  capacity  of  at  least  5  cc,  must 
be  rendered  thoroughly  aseptic  by  boiling  before  use. 
As  steel  needles  are  rapidly  rusted  by  exposure  to  the 
air  after  being  boiled,  they  may,  on  removal  from  the 
water,  be  plunged  into  a  tube  of  absolute  alcohoJ  and 
kept  there  until  required,  or,  instead  of  boiling  water, 
hot  oil  may  be  employed  to  sterilise  them.  The 
median  basilic  vein  is  usually  selected  as  suitable  in 
size  and  position,  and  after  the  surrounding  skin  has 
been  scrupulously  cleansed  it  is  rendered  prominent 
by  applying  a  proximal  bandage  to  the  arm.  The 
needle  is  quickly  but  steadily  introduced,  care  being 
taken  that  its  point  remains  in  the  lumen  of  the 
vessel,  and  the  required  amount  of  blood  is  abstracted. 
This  should  immediately  be  transferred  to  a  large 
tube  containing  from  20  to  30  cc.  of  glycerine  agar, 
prepared  with  a  sloped  surface ;  the  tube  can  then 
be  taken  to  the  laboratory  for  further  examination. 
This  method  should  always  be  adopted  when  the  re- 
cognition of  bacteria  in  the  blood  is  of  importance,  not 
only  because  in  a  certain  number  of  cases  it  s  difficult 
to  avoid  contamination  when  the  blood  is  derived 
from  a  finger-prick,  but  also — which  is  much  more 
important — because  in  many  instances  the  number  of 
bacteria  in  the  circulation  is  comparatively  small,  and 
unless  a  considerable  quantity  of  blood  is  employed 
the  sample  may  be  quite  free  from  the  organisms 
and  a  negative  result  may  be  erroneously  recorded 
Puncture  of  the  spleen  has  been  advocated  on  the 
Continent,  but  it  may  lead  to  unpleasant  symptoms.* 

*  Similarly,  some  observers  have  punctured  the  lungs,  liver, 
and  o^er  organs  to  secure  uncontaminated  samples  of  the 
bacteria  which  they  oontained. 
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When  the  film  of  blood  has  been  made  on  the 
cover  glass,  it  must  be  well  dried  in  wiurm  air  before 
it  is  passed  through  the  flame,  and  thereafter  should 
remain  for  some  time,  best  for  three  or  four  hours,  in 
an  oven  at  a  temperature  of  120*0.  Where  it  is 
important  to  retain  the  morphological  characters  of 
the  blood  as  well  as  to  demonstrate  the  presence  of 
bacteria,  the  moist  film  must  be  fixed  by  being  floated 
face  downwards  on  a  strong  solution  of  corrosive  sub- 
limate in  normal  saline  fluid ;  or  some  of  the  special 
fixation  methods  described  in  Chapter  Y.  may  be  em- 
ployed. Before  applying  the  stain  a  preliminary 
immersion  in  dilute  acetic  acid  assists  both  in  dis- 
charging the  colour  of  the  red  blood  corpuscles  and 
in  accentuating  the  different  affinities  of  the  bac- 
teria and  blood  elements  for  the  dye;  it  must, 
however,  be  carefully  washed  ofE^  and  the  last  traces 
of  it  neutralised  by  anunonia  vapour  before  staining 
is  proceeded  with. 

The  stains  which  prove  most  useful  are  Gram's, 
Loffler's,  or  alcoholic  fuchsin.  When  the  stain  is 
blue,  watery  eosin  may  be  used  as  a  counterstain  to 
bring  out  the  red  blood  corpuscles. 

3.  Urine  may  be  examined,  after  careful  disinfec- 
tion of  the  meatus,  either  by  drawing  ofi*  a  sample  from 
the  bladder  with  a  sterile  catheter,  or  by  making  the 
patient  pass  water,  and,  after  the  first  portion  of 
the  urine  has  cleansed  the  urethra,  collecting  the 
remainder.  The  centrifuge  should  be  invariably  used 
to  secure  a  deposit  without  delay,  and  the  latter  then 
examined. 

One  of  the  most  important  bacteria  that  may 
be  found  in  the  urine  is  the  tubercle  bacillus.  The 
pus  which  is  separated  from  the  suspected  urine  is 
spread  not  too  thinly  on  a  cover  glass,  which  is  then 
manipulated  in  the  manner  already  described  for 
tubercular  sputum.    In  cases  where  the  sediment 
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contains  small  purulent-looking  lumps,  these  should 
be  selected  to  smear  on  the  cover  glass.  If  the  urine 
is  loaded  with  urates  they  may  he  readily  dispelled  by 
adding  warm  water  to  the  sediment,  or  by  washing 
the  film  with  warm  water  before  staining. 

The  bacilli  when  found  frequently  occur  in  clumps, 
whilst  it  may  be  necessary  to  examine  six  or  more 
preparations  before  a  clump  is  discovered. 

One  of  the  chief  sources  of  fallacy  in  examining 
for  tubercle  bacilli  results  from  the  presence  of  the 
smegma  bacillus,  which  has  very  similar  morpho- 
logical characteristics,  and  especially  resists  the  de- 
colorising action  of  sulphuric  and  nitric  acids.  To 
distinguish  them  the  cover  slip  should  be  immersed 
for  ten  minutes  in  a  solution  of  hot*  caustic  soda  to 
which  6  per  cent,  of  alcohol  has  been  added.  The 
s]iecimen  is  thereafter  washed  with  water  and  absolute 
alcohol.  Tubercle  bacilli  thus  treated  still  retain 
the  stain  when  exposed  to  the  action  of  mineral  acids, 
whilst  the  smegma  bacillus  is  decolorised. 

In  cases  of  cystitis  the  most  commonly  found 
organisms  are  the  bacterium  coli,  the  gonococcus,  and 
the  tubercle  bacillus.  In  some  instances,  especially 
in  women  or  in  persons  on  whom  catheters  have  been 
passed,  the  ordinary  staphylococci  of  suppuration  are 
also  present  in  large  numbers.* 

In  urethritis  resulting  from  gonorrhoeaJ  infection 
the  gonococcus  is  present,  but  is  often  associated 
with  numerous  other  diplococci,  which  are  not  very 
readily  distinguished  from  it.  Since  it  is  of  import- 
ance  medically  as   the  cause  of    certain  affections 

*  The  name  '*  Bacteniria "  has  been  given  to  conditions 
where  the  urine,  on  being  examined  immediately  after  it  is 
passed,  is  found  to  contam  bacteria.  Manj  writers,  however, 
limit  the  name  to  cases  where  the  bacteria  present  are  not 
tul)ercle  bacilli  or  the  ordinary  micrococci  of  suppuration.  For 
full  information,  ue  Barlow,  ^'UeberBacterurie,^  />etf^.  Archie. 
f.  klin,  Med,,  Bd.  59,  s.  347. 
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which  resemble  rheumatism,  it  is  necessary  to  be  able 
to  recognise  it.  Films  may  be  made  in  the  ordinary 
way,  stained  lightly  with  watery  solution  of  methylene 
blue,  again  washed  and  examined  in  water,  or  dried 
and  permanently  mounted.  The  organism  will  be 
described  subsequently. 

4.  Pus  and  other  fluid  exudations  are  best 
obtained  from  the  cavity  in  which  they  lie  by 
aspiration  with  a  sterile  hypodermic  syringe,  after 
thorough  disinfection  of  the  skin  where  the  needle  is 
to  be  inserted.  Amongst  the  most  important  of  such 
exudations  are  those  into  the  pleural  cavities.  These 
may  either  be  serofibrinous  or  purulent.  In  nearly 
three-fourths  of  the  cases  of  empyema  which  have 
been  examined,  the  organisms  that  have  been  found 
are  either  pneumococci,  staphylococci,  or  streptococci, 
and  in  the  case  of  adults  the  last  constitute  fully 
half  of  the  total.  In  children  the  pneumoooccus 
preponderates.  As  regards  prognosis,  the  presence 
of  streptococci  gives  much  the  gravest  outlook,  and 
this  agrees  with  the  relatively  favourable  issue  of  the 
disease  in  children.  There  can  be  no  doubt  that  a 
very  large  proportion  of  pleurises  and  empyemata 
are  due  to  tubercular  infection.  It  is  extremely 
difficult  to  demonstrate  the  bacilli  either  by  culture 
methods  or  in  cover  slip  preparations,  but  inoculation 
experiments  have  frequently  been  successful.  Oases 
of  empyema  may  be  regaided  as  very  probably  tuber- 
culous if  agar  tubes  inoculated  with  the  pus  remain 
sterile. 

5.  Specimens  from  false  membranes  are  best 
obtained  by  removing  a  small  portion  with  a  swab  or 
forceps.  Care  must  be  taken  not  to  touch  any  other 
part  of  the  patient's  mouth  with  the  swab.  In  cases 
of  suspected  diphtheria  it  often  happens  that  so 
many  organisms  are  present  on  the  surface  of  the 
membrane  that  it  is  almost  impossible  to  identify 
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the  bacillus  of  diphtheria  amongst  the  other  bacteria 
which  are  associated  with  it.  Under  these  conditions 
the  piece  of  membrane  should  be  washed  in  a  flask  with 
a  little  boiled  water.  After  being  agitated  in  this  for 
a  short  time,  the  cocci,  mucus,  and  other  adventitious 
elements  which  have  adhered  to  the  surface  become 
for  the  most  part  detached,  and  the  specific  organism 
can  thereafter  be  obtained  in  a  much  purer  condition 
by  thrusting  a  platinum  needle  into  the  membrane 
after  its  removal  from  the  flask,  and  inoculating 
several  tubes  successively  without  recharging. 

6.  Faeces. — The  faeces  are  always  rich  in  micro- 
organisms ;  it  is  therefore  of  great  importance  to 
lift  only  a  very  minute  fragment  for  examination, 
whether  on  the  slide  or  by  cultures. 

The  following  are  the  most  important  bacteria 
from  the  point  of  view  of  clinical  examination : — 

I. — Bacilli. 

1.  Bacillus  tuberculosis. — It  is  rather  small 
and  slender  (2  to  5  /x  in  length).  As  seen  in  sputum 
it  is  not  unf requently  a  little  curved  ;  and  often  two 
bacilli  are  found  lying  end  to  end,  making  an  obtuse 
angle  with  one  another.  The  staining  may  be 
uniform,  or  there  may  be  small  clear  spaces  of  an 
ovoid  form  which  are  disposed  at  intervals.  It  is 
best  stained  by  Ziehl's  method. 

Eecent  research  has  shown  that  a  considerable  number  of 
bacilli,  not  usually  regarded  as  pathogenic  in  man,  share  with 
the  bacillus  tuberculosis  the  property  of  resisting  the  de- 
colorising action  of  acids  and  of  alcohoL  This  group  of 
bacteria  are  described  as  "  acid- fast,"  and  since  they  possess 
many  of  the  other  morphological  characters  ot  the  true  tubercle 
bacillus,  and  have  been  occasionally  found  in  sputum  from  the 
lungs,  in  mucus  from  the  respiratory  passages,  and  not  very 
unfrequently  in  urine  containing  pus,  they  may  give  rise  to 
errors  in  diagnosis.  So  far  as  is  known  at  present  the  most 
characteristic  difference  is  that,  oven  at  the  most  favourable 
temperature^   tubercle    bacilli   grow  mu(^  more  i^oV^i   ^^ 
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cultuTA  media  than  do  the  other  members  of  the  " add-fast** 
group,  many  of  which,  nnlike  the  tubercle  bacillas,  can  also 
dourish  at  the  ordinary  temperature  of  the  laboratory.  As 
these  bacteria  are  fairly  numerotis  outside  the  body  they  may 
readily  contaminate  secretions  which  have  been  laid  aside  for 
examination,  and,  besides  this,  there  can  be  little  doubt  that 
they  have  often  been  mistaken  for  the  taberde  baoillus  in  milk 
and  other  articles  of  diet. 

2.  PfeiflTer's  bacillus  is  a  minute  bacillus  with 
rounded  extremities ;  the  ends  stain  more  deeply 
than  the  centre.  It  is  not  coloured  by  Gram's 
method,  but  can  be  demonstrated  by  Ziehl's  stain. 
It  is  found  in  the  sputum,  and  occasionally  in  the 
blood  of  patients  suffering  from  influenza. 

3.  Bacillus  diphtherise  (Klebs-Loffler). — This 
bacillus  averages  about  3  /a  in  length,  the  long  variety 
considerably  more,  and  '6  or  *7  /x  in  breadth.  The 
ends  are  rounded  and  rather  stouter  than  the  centre, 
and  stain  more  deeply ;  frequently  there  is  unequal 
staining  of  the  protoplasm.  (Frontispiece  a,  a'.) 
In  most  instances  they  are  very  readily  coloured  by 
Gram's  method. 

The  procedure  which  should  be  adopted  in  cases 
where  a  patient's  throat  is  to  be  examined  for 
the  bacillus  of  diphtheria,  is  as  follows.  Set  the 
patient  in  a  good  light.  Depress  the  tongue  with  the 
handle  of  a  spoon ;  then  take  a  swab,  pass  it  to  the 
back  of  the  mouth  without  touching  the  lips,  gums, 
or  tongue,  and  press  it  gently  against  the  suspected 
patch  on  the  tonsil.  By  rotating  the  swab  a  portion 
of  the  false  membrane  is  entangled  and  brought 
away,  and  the  specimen  thus  obtained  is  returned  to 
the  tube  and  taken  to  the  laboratory.  A  cover-glass 
preparation  may  be  made  directly  from  it,  but  is 
likely  to  prove  unsatisfactory,  as  many  different 
organisms  are  so  abundantly  present  that  it  is  seldom 
possible  to  detect  the  Klebs-Loffler  bacillus  with 
certainty.      To   start  cultures,   a  platinum   needle, 
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previously  sterilised  and  allowed  to  cool,  is  charged 
from  the  false  membrane,  and  four  tubes  are  succes- 
sively inoculated  from  the  needle,  which  is  drawn  in 
a  streak  along  the  surface  of  each  without  recharging. 
By  far  the  most  satisfactory  medium  is  blood  serum. 
Gelatin  and  glycerin-agar  are  untrustworthy,  and 
should  never  be  employed  for  diagnostic  cultures  of 
the  diphtheria  bacillus.*  After  inoculation  the  tubes 
are  placed  in  an  oven  at  37°  C.  If  the  Klebs-Loffler 
bacillus  is  present,  growth  will  often  be  manifest  in 
eighteen,  and  always  in  twenty-four  hours,  by  which 
time  the  colonies  in  the  third  and  fourth  tubes  will  be 
as  large  as  pinheads.  In  colour  they  are  dull  white, 
and  appear  distinctly  denser  in  the  centre  when 
viewed  by  transmitted  light.  The  colonies  are 
circular,  and  spread  rather  rapidly.  In  the  first  and 
second  tubes  the  characters  are  not  so  well  seen, 
because  the  colonies  are  so  numerous  that  they 
rapidly  fuse  and  so  lose  their  contours.  Specimens 
obtained  from  the  individual  colonies  must  be 
microscopically  examined,  and  pure  cultures  can  be 
started  from  some  of  them  by  mixing  them  with  a 
little  bouillon  and  reinoculating  serum  tubes  with 
the  product.  In  old  cultures,  and  sometimes  also  in 
the  membrane  obtained  from  cases  of  diphtheria, 
involution  forms  of  the  bacillus  are  common. 

In  doubtful  cases  the  diagnosis  may  be  established 
only  after  inoculations  have  been  performed.  Neisser 
has  described  a  special  method  of  staining  the 
diphtheria  bacillus,  which  he  considers  important 
when  a  differential  diagnosis  has  to  be  made.  A 
culture  of  the  bacilli  in  question  must  first  be 
prepared  on   LoflOier's  solidified    blood    serum,   at  a 

*  Failing  blood  seram,  a  medium  composed  of  agar-a^ar 
prepared  with  ascitic,  pleuritic,  or  hydrocele  fluid,  contaimng 
2  per  cent,  of  a  10  per  cent,  solution  of  caustic  potash,  with 
5  per  cent,  fflycerin,  and  1  per  cent,  grape  sugar,  as  recom- 
mended by  Kiuitiiaek,  may  be  tried. 
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tfiiipernture  of  34°  or  35°  0. — toinperatui'ps  over 
36°  C.  render  the  reaction  untrustwortliy.  After  an 
incubation  period  of  from  ten  to  twenty  Lours,  a 
cover  slip  preparation  is  made  and  etaineil  for  three 
four  eeconds  in  the  follow-ing  solution  t — 


/  Metbylono  blue      1  pnrt. 

j  Alcohol        20  pRrU. 

I  Distills il  water      950  (larts. 

\  GlaiUl  acutic  acid QO  pnils. 


The  film  ia  then  rinsed  in  water,  and  coimter- 
Btained  for  three  or  four  seconds  in  a  filtered  solution 
of  1  piirt  vesuvin  in  500  parts  of  boiling  distilled 
water.  If  the  organisms  be  true  diphtheria  bacilli 
their  bodies  will  ba  stained  brown  throughout  their 
whole  length,  but  one  or  two,  sonietimee  three, 
granules  of  a  blight  blue  colour,  known  ob  Babes- 
Ernst  bodies,  are  also  visible.  Where  there  are  only 
one  or  two  granules  they  occupy  positions  near  the 
ends  of  the  bacillus,  the  third  when  present  is  situated 
about  the  middle.  The  granules  appear  to  have  a 
greater  diameter  than  the  rest  of  Uie  bacillus,  and 
their  shape  is  slightly  oval. 

Occasionally,  when  the  membrane  is  peculiarly 
rich  in  adventitious  bacteria,  it  may  be  necessary  to 
place  it  in  a  Hask  with  same  boiled  water  and  to 
treat  it  in  the  manner  described  above,  before 
proceeding  to  inoculate  the  tubes. 

When  infoimation  is  sought  regarding  other 
bacteria  which  may  also  be  present  in  the  specimen, 
it  is  best  to  break  up  a.  small  fragment  in  bouillon 
and  inoculate  various  culture  media  with  a  drop  of 
the  fluid. 

In  practice  one  finds  that  sometimes  the  mem- 
brane contains  a  preponderant  proportion  of  EJeba- 
Loffler  bacilli  ;  in  many  cases,  however,  other 
bacteria  occur  in  large  numbers  along  with  it^ 
streptococci    being   fre<^uently    present,   partioiilarlT 
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in  severe  cases.  In  other  instances  a  form  of  diplo- 
coccus  has  been  observed. 

In  addition  to  the  typical  form  of  Klebs-Loffler 
bacillus  there  is  a  stunted  form  which  is  shorter  and 
more  irregular  in  outHne.  One  cannot,  however, 
estimate  with  any  certainty  the  toxicity  of  a 
specimen  from  its  morphological  characters,  nor,  on 
the  other  hand,  is  one  justified  in  considering  that 
the  bacillus  is  not  a  true  diphtheria  bacillus  because 
it  happens  to  be  devoid  of  virulence,  although  the 
intensity  of  its  toxin  will  obviously  influence  the 
clinical  history  of  the  case  from  which  it  is  derived. 
It  is  not  therefore  expedient  to  classify  such  non- 
virulent  bacteria  as  "pseudo-diphtheritic,"  since 
experience  has  shown  that  the  virulence  of  diphtheria 
bacilli  may  vary  exceedingly  even  when  they  have 
sprung  from  a  common  source. 

The  term  "pseudo-diphtheritic  bacillus"  has  also 
been  applied  to  various  bacteria  whose  morphology 
is  almost  identical  with  the  true,  especially  the  short 
form,  but  which,  under  the  tests  of  culture  and 
inoculation,  are  found  to  deviate  more  or  less  from 
the  latter.  Used  in  this  sense  the  term  is  con- 
venient, if  not  strictly  accurate.  As  alkaline  bouillon 
containing  a  trace  of  glucose  is  gradually  rendered 
acid  by  the  true  diphtheria  bacillus,  the  change 
usually  occurring  within  two  days,  whilst  many  of 
the  "  pseudo  "  forms  do  not  alter  its  reaction,  the  test 
may  be  employed  within  certain  limits  to  discriminate 
between  them. 

4.  Bacillus  of  typhoid  (Eberth).  —  This 
organism  can  be  obtained  in  the  spleen  during  the 
course  of  the  disease,  and  from  the  blood  in  the  rose- 
coloured  spots.  It  also  occurs  in  the  urine  if 
albuminous,  and  in  the  stools.  It  is  mobile,  and  by 
suitable  methods  flagella  can  be  demonstrated.  The 
ends  are  rounded,  the  length  3  or  4  /x,  the  breadAJzL 
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about  1  /A.  It  does  not  stain  by  Gram's  method,  but 
is  readily  coloured  by  the  ordinary  aniline  basic 
dyes. 

In  arriving  at  an  early  diagnosis  of  typhoid  fever 
liVidal's  test  seems  likely  to  take  a  very  prominent 
position.     It  is  based  on  the  fact  that  after  a  certain 


.     Pig.  148.— Widal's  Pipette.     Actual  size. 

time  has  elapsed  the  blood  serum  of  a  typhoid  patient 
acquires  a  power  of  interfering  with  the  ordinary 
behaviour  of  the  bacillus,  and  produces  the  phe- 
nomenon known  as  agglutination.  It  is  conducted  as 
follows : — 

(1).  Apparatus* 

(a)  A  small  lancet-shaped  needle  to  obtain  blood. 
This  must  be  capable  of  ready  sterilisation. 

(6)  A  sterile  pipette  to  collect  the  blood  and 
transmit  it  to  the  laboratory. 

(c)  A  platinum  needle  ending  in  a  loop  of  1mm. 
diameter.     (This  will  lift  about  2  mgms.  of  fluid.) 

(J)  Several  sterilised  watch  glasses,  slides,  and 
cover  glasses.* 

(e)  A  supply  of  sterile  physiological  salt  solution. 

(/)  A  tube  of  bouillon  containing  a  culture  of 
typhoid  bacillus  not  more  than  twenty-four  hours  old. 
The  tube  must  be  free  from  clumps  of  bacilli,  and 
the  latter  must  exhibit  active  movements  on  micro- 
scopic examination.  Just  before  the  test  is  com- 
menced some  of  the  bouillon  should  be  passed  through 
a  moistened  filter  paper  to  get  rid  of  any  sti-ay 
clusters  of  bacilli ;  a  bouillon  which  before  filtration 
contains  many  clumps  should,  however,  on  no  account 

*  An  ordinary  slide  may  be  used  if  care  is  taken  not  to  press 
down  the  coverslip  unduly  ;  or  a  slide  with  a  central  depresnon 
may  be  preferred,  and  a  hanging  drop  preparation  employed. 


WiDAL^s  Test.  581 

be  used  if  it  is  at  all  possible  to  obtain  a  fresh 
supply. 

{g)  A  microscope  capable  of  magnifying  at  least 
250  diameters  (preferably  from  300  to  400  diameters) 
should  be  used,  though  even  with  lower  powers  a 
good  deal  may  be  made  out. 

(2).  lYIcthod. 

(a)  Carefully  sterilise  the  patient's  finger,  and 
obtain  several  drops  of  blood  by  a  prick  in  the  thin 


Fig.  149 Wright's  Pipette.    One-half  actual  size. 

A,  open  end  of  •  apillary  tube  ;  b.  index ;  o,  mixing  chamber :  d.  capillary 
tube  conaeciiuif  oand  b;  k,  air  cb  imber  ;  f,  sealed  end. 

skin  near  the  root  of  the  nail.  The  blood  is  drawn 
into  the  pipette,  which  is  then  sealed  off  and  taken 
to  the  laboratory. 

(6)  When  sufficient  time  has  elapsed  to  allow  the 
serum  to  separate  from  the  clot,  break  off  the  ends  of 
the  pipette  and  expel  the  serum  into  a  sterile  watch 
glass,  previously  labelled  "serum." 

(c)  By  means  of  a  pipette*  dilute  one  measure 
(say  5  cmm.)   of  the  serum  with  nineteen  measures 

*  Any  simple  form  of  pipette  may  be  used.  Wright's  are 
easily  made  from  a  piece  of  glass  tubing  in  the  following  man- 
ner:— ^Oiie  end  of  the  tube  is  sealed,  and  at  about  an  inch  and 
a  half  from  this  end  it  is  drawn  out  to  form  a  capillary  tube 
about  two  inches  long  and  open  at  its  lower  end.  The  thicker 
part  of  the  tube  is  again  heated  at  about  an  inch  from  its  sealed 
extremity  and  drawn  out  so  that  one  finally  has  a  pipette  con- 
sisting of  a  couple  of  bulbs,  the  upper  one  sealed  at  one  end 
and  at  the  other  end  communicating  b^^a  narrow  tube  with  the 
lower,  which  in  turn  communicates  with  the  outer  air  by  the 
capillary  tube.  On  warming  the  upper  bulb  the  contained  air 
is  rarefied,  and  as  it  a^ain  cools  the  partial  vacuum  which  is 
formed  will  suck  up  fluid  into  the  lower  bulb.  Instead  of  care- 
ful graduation  a  smgle  mark  is  made  by^  means  of  a  speck  of 
sealing-wax  at  a  selected  point  of  the  capillary  tube.  Each  time 
the  fluid  which  is  being  aspirated  reaches  this  mark  the  end  of 
the  tube  IB  raised  for  an  instant  to  admit  a  tiny  bub\kV&  <A  vctx< 
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(say  95onini.)  of  the  saline  solution,  and  expel  tUa 
into  another  watch  glass  marked  1  in  20. 

{d)  With  the  platinum  aeedle  take  four  loop- 
fuls  of  the  1  in  30  serum  and  deposit  them  separately 
on  the  slide  or  ooverglasa.  Then  steiilise  the  loop, 
and,  when  it  has  cooled,  deposit  six  loopfuls  of  the 
bouillon  in  the  same  maimer.  Mix  the  drops  as 
quickly  as  possible,  place  the  covenilip  ou  the  slide, 
and  seal  the  edges  with  vaBeliue  to  prevent  evapora- 
tion. Tliis  preparation  Eihould  then  be  marked  "  1 
50."  In  caaea  of  difficulty,  dilutions  of  1  in  30  (ft 
loopfuls  of  the  1  in  30  serum  aad  two  of  bouillon) 
and  1  in  100  (two  loopfuls  of  1  in  20  serum  and  ei  '  ' 
of  bouillon)  should  also  be  made,  whilst  a  control 
periment  must  be  simultaneously  performed  by  pre- 
paring a  dilution  of  three  parts  of  bouillon  with  two 
of  normal  saline  solution,  and  observing  that  in  it  the 
bacilli  remain  motile  and  do  not  tend  to  form  clumps. 
The  slides  should  then  be  systematically  examined 
with  a  raagniiJcatioa  of  about  300  to  40U  diameters, 
If  the  serum  be  taken  from  a  patient  who  is  not  the 
subject  of  typhoid  fever,  the  bacilli  preserve  their 
mobility  unimjjaired,  and  continue  to  do  so  for  days  if 
the  specimen  be  suitably  preserved.  Moreover,  they 
are  diffused  with  tolerahle  uniformity  through  the 
fluid,  and  show  no  distinct  tendency  to  form  clumpsi 

If,  however,  the  serum  bo  taken  from  a  patient 
after  the  tirst  week  of  an  attack  of  typhoid  fever,  or 
even  on  the  third  or  fourth  day  of  the  illness,  though 

Wlian  thin  in  turn  reachea  the  nmik  the  bulb  is  again  raised, 
aad  the  proce^  repeated  until  the  reqiured  aiuaber  of  laeadonB 
hiiva  bean  dcawn  into  the  lower  bulb. 

In  peifonuiug  Widul's  test  extri'me  occmacj  in  the  dsgrea  of 
dilution  is  uot  essential,  and  thBrefare  ungrajluoilsd.  tobea,  sndi 
Bd  Wright's,  used  with  reasonable  core,  meet  the  tei}uirem<niH 
of  the  case.    ThoM  who  for  any  apeoial  purpose  desire  a  ™^ 

exaot  dilution  should  employ  tho  Ipuconyte  pipatto  at  a  ThL 

ZsiHs  hi£iiiocftonieter,  or  Hawbsley'a  gmduated  pipetta  with  # 
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in  this  case  the  phenomena  will  be  less  distinct,  the 
following  facts  will  be  observed : — The  motility  of 
the  bacilli  is  almost  at  once  impaired,  and  after  the 
lapse  of  a  short  time  their  movements  wholly  cease. 
They  also  tend  to  become  agglomerated  into  clumps, 
which  in  a  typical  case  will  begin  to  form  soon 
after  the  microscopic  examination  has  been  com- 
menced, and  by  the  end  of  half  an  hour  or  an  hour 
hardly  any  solitary  bacilli  will  be  found  in  the 
specimen.  Even  where  the  serum  is  weaker,  as 
occurs  in  a  certain  proportion  of  cases  of  typhoid, 
the  same  changes  eventually  supervene,  but  they 
occur  much  more  slowly.  As  a  rule,  however,  im- 
paired motility  and  a  tendency  to  form  chimps  are 
distinctly  visible  within  half  an  hour,  and  there  are 
but  few  cases  in  which  the  observations  need  to  be 
extended  over  two  hours. 

In  conducting  the  above  examination  the  following  points 
mast  le  attended  to  : — (1)  The  slides,  watch  glasses,  and  other 
pieces  of  apparatus  must  be  scrupulously  clean.  If  they  are 
not  so,  appearances  of  agglutination  may  occur  even  where  the 
serum  is  taken  from  a  man  in  good  health.  (2)  As  one  is  deal- 
ing with  bacilli  which  are  alive  and  virulent,  any  piece  of 
apparatus  which  has  been  used  must  at  once  be  thoroughly 
disinfected  by  heat  or  by  1  :  500  corrosive  sublimate  solution, 
and  on  no  account  laia  aside  before  this  has  been  done. 
(3)  Never  allow  concentrated  serum  to  come  into  contact  with 
the  bouillon  culture  even  for  an  instant ;  therefore  dilute  the 
serum  before  mixing  it  with  the  bouillon.  Concentrated  serum 
from  a  perfectly  healthy  person  may  induce  clumping.  (4)  Let 
the  serum  used  for  examination  be  free  from  clot.  The  presence 
of  red  blood  corpuscles  is  comparatively  unimportant,  but  as 
they  can  easily  be  got  rid  of  by  centrifuging,  it  is  better  to 
do  so. 

WidaPs  reaction  may  be  obtained  by  employiug 
dead  cultures  instead  of  a  fresh  one  in  bouillon. 
The  bacilli  are  killed  by  heating  the  bouillon  to 
60''  C.  for  one  hour,  or  by  adding  one  drop  of  forma- 
line to  every  150  drops  of  bouillon.  This  is  then 
kept  for  use  in  sealed  ^[lass  tubes,   and  b»&  ^^ 
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advantage  that  it  can  be  utilised  when  the  observer 
lias  no  laboratory  at  hand  for  the  cultivation  of 
living  bacteria.  The  agglutination  test  can  also  be 
performed  macroscopically ;  the  technique  for  this 
method  is  fully  described  in  a  valuable  paper  by 
Professor  Wright.*  Some  workers  of  experience  lay 
stress  on  the  use  of  more  concentrated  seiTim  tban 
has  been  recommended  in  this  account  of  Widal's 
reaction,  and  consider  that  a  complete  absence  of 
clumping  at  the  end  of  fifteen  minutes,  when  a 
1  in  10  dilution  has  been  employed,  aifords  a  very 
strong  presumption  against  the  serum  having  been 
obtained  from  a  patient  with  typhoid  fever. 

The  agglutination  test  may  be  applied  to  numerous 
other  bacteiia,  and  will  be  referred  to  when  they  are 
described.  The  technique  in  these  other  cases  is 
identical  with  that  of  WidaVs  test  for  typhoid. 

It  need  hardly  be  remarked  that  to  examine  a 
specimen  of  the  stools  directly  under  the  microscope, 
with  the  view  of  detecting  E berth's  bacillus,  is  certain 
to  fail  in  its  aim. 

5.  Bacillus  coll  is  a  flagellate  bacillus  which 
appears  under  a  considerable  variety  of  forms.  It 
is  important  as  the  cause  of  some  cases  of  cystitis  and 
of  intra-abdominal  suppuration.  Some  of  its  forms 
resemble  that  of  Eberth's  bacillus,  but  can  be  dis- 
tinguished by  the  fact  that  it  produces  fermenta- 
tion in  lactose,  in  which  process  the  medium  becomes 
acid,  as  can  be  shown  by  the  addition  of  litmus,  and 
under  suitable  conditions  gas  bubbles  are  found.  To 
isolate  it  from  other  organisms  in  cases  of  cystitis, 
cultures  may  advantageously  be  made  on  MacCon- 
key's   taurocholate   of  soda  medium.!     The  bacillus 

♦  Brit.  Med,  Joum.,  1898,  I,  p.  355. 

\  See  Q.  paper  on  **  Bile  Salt  Broth,"  by  MacConkev  and 
Hill,  in  the  Thompson  Yates  Laboratory  Meports  (1901), 
vol  iv.,  part  i.,  p.  161. 
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coli  exhibits  the  agglutinative  reaction,  but  it  has 
been  found  that  serum  which  agglutinates  one  species 
of  coli  bacillus  may  fail  to  produce  the  reaction  in 
another. 

6.  Bacillus  cholerse  (Koch)  is  a  curved  vibrio 
with  a*flagellum  at  each  end.  It  possesses  very  marked 
motility.  The  organism  is  much  smaller  than  the 
bacillus  of  tuberculosis.  Involution  forms  are  rather 
common.  It  is  readily  coloured  by  basic  aniline 
dyes,  but  is  not  stained  by  Gram's  method.  It 
responds  to  the  agglutination  test.    (Frontispiece,  c.) 

The  gelatin  cultures,  and  the  so-called  cholera-red 
reaction  in  broth,*  are  vei-y  characteristic,  and  should 
be  practised  in  case  of  doubt. 

In  examining  the  stools  of  a  suspected  case,  the 
organism  will  be  found  most  abundantly  present  in 
the  mucoid  masses.  A  film  should  be  made  from  one 
of  these,  and,  after  staining  with  dilute  Ziehl's  fluid, 
examined  with  an  oil  immersion  lens.  In  cases  where 
they  are  fairly  numerous,  and  where  their  disposition 
is  not  too  much  interfered  with  by  the  simultaneous 
existence  of  other  organisms,  they  will  be  seen  to  lie 
in  rows,  end  to  end,  and  all  pointing  in  the  same 
direction  like  fish  in  a  stream. 

Equally  characteristic  is  the  appearance  when 
a  drop  of  the  suspected  stool  is  added  to  2  cc.  of 
a  decidedly  alkaline  solution   of    1    part  of  sodium 

*  The  red  reaction  is  due  to  a  nitrosoindol  body.  Many  bac- 
teria produce  Indol  in  bouillon ;  only  two,  the  bacillus  of  cholera 
and  the  bacillus  of  Finkler,  produce  both  indol  and  nitrites.  The 
bacillus  of  cholera  produces  these  substances  in  the  course  of  a 
few  hours  in  sufficient  amount  to  give  a  distinct  reaction,  Finkler's 
bacillus  only  after  three  or  four  days'  incubation.  The  addition 
of  an  acid  capable  of  acting  on  the  nitrites,  and  so  liberating 
zutrous  acid,  is  all  that  is  necessary  to  produce  the  red  colora- 
tion ;  and  the  best  acid  to  use  is  pure  hydrochloric,  as  it  is  less 
often  contaminated  with  traces  of  nitrous  acid  than  are  nitric 
and  many  samples  of  sulphuric  acid,  which  will  frequently  pro- 
duce the  reaction  not  only  with  Finkler' s  and  the  cholera 
bacUloBi  but  also  with  all  other  bacteria  which  prod\i<^vfi>.^<:X^ 
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chloride  and  10  parts  of  peptone  in  100  parts  of 
water.  After  eight  to  twelve  hours'  incubation  at  a 
temperature  of  37*  C,  an  abundant  growth  of  the 
cholera  bacillus  will  be  found  on  the  surface  of  the 
fluid,  and  from  it  plate  cultures  may  be  made. 

7.  Bacillus  anthracis. — This  organism  affects 
certain  classes  of  persons,  especially  wool  sorters.  Its 
appearance  varies  considerably  with  the  medium  in 
which  it  is  flourishing.  When  found  in  the  blood  it 
consists  of  straight  rods  fully  as  long  as  a  red  blood 
corpuscle ;  often  two  or  more  ai^  arranged  end  to  end, 
either  in  a  straight  line  or  slightly  inclined  to  each 
other.  It  stains  readily  and  is  coloured  by  Gram's 
method. 

8.  Bacillus  pestis, — ^This  bacillus  is  the  cause 
of  plague.  It  commonly  gains  access  through  a  breach 
in  the  skin  or  mucous  membranes,  and  makes  its  way 
by  the  lymphatic  system  to  the  neighbouring  glands. 
In  them  it  leads  to  the  formation  of  buboes,  and  if 
not  arrested  there  passes  on  into  the  blood-stream, 
inducing  a  septicsemic  condition.  It  is  most  readily 
demonstrated  in  the  pus  which  forms  in  the  buboes, 
but  when  septicaemia  has  developed,  bacilli  can  also 
be  demonstrated  in  the  blood.  The  appearances 
presented  by  the  bacillus,  alike  in  cultures  and  in 
material  derived  from  patients,  are  very  variable. 
Its  most  typical  form  is  that  of  a  smaU  rod  with 
rounded  ends,  devoid  of  motility,  and  probably 
possessed  of  a  gelatinous  capsule.  It  often  presents 
a  characteristic  bipolar  staining  owing  to  the  central 
segment  remaining  uncoloured,  or  only  feebly  tinged 
by  the  dye ;  this  is  well  brought  out  when  methylene 
blue  is  employed,  after  preliminary  treatment  with 
dilute  acetic  acid.  This  property  is  of  diagnostic 
importance,  as  it  is  the  only  bacillus  pathogenic 
in  man  which  is  known  to  possess  it.  It  is  de- 
poloris^    by    Oram's  method.     According  to  som^ 
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authorities  it  reacts  to  the  agglutination  test,  the 
serum  of  a  pl«^ue  patient  becoming  efficient  in  the 
course  of  the  second  week  from  the  incidence  of  the 
disease,  and  remaining  so  until  the  eighth  week  or 
longer.* 

In  the  report  of  the  Indian  Plague  Commission 
of  1 898-99, t  however,  cogent  reasons  are  adduced 
for  questioning  the  reality  of  the  agglutinative  re- 
action. Their  general  conclusions  on  the  bacteriological 
diagnosis  of  plague  may  be  summarised  as  follows  : — 

(1.)  MicroBcopical  examination  of  suspected  materials. 

(a)  Pus.  Positive  or  negative  results  generally  alike  con- 
clusive. In  very  early  or  very  late  stages  negative  results  may 
be  unreliable. 

ifl)  Blood.  Positive  results  generally  conclusive.  Negative 
results,  imrelitible. 

(tf)  Sputum.  Positive  results,  reliable  if  the  organisms  are 
fairly  characteristic,  and  if  pneumococci  are  absent. 

(d)  Other  niatensJs  obtained  from  surroundings  of  patient. 
Results  absolutely  unreliable,  as  bacilli  morphologically  indis- 
tinguishable from  B.  pestis  occur  outside  the  body. 

(2.)  Culture  methods. 

None  can  be  depended  upon  to  reveal  the  presence  of  plague 
bacilli,  when  these  are  mixed  with  large  numbers  of  con- 
taminating micro-organisms. 

(3.)  Inoculation  methods. 

The  most  suitable  animals  are  guinea-pigs  and  mice.  The 
death  of  the  inoculated  animal  only  confirms  the  diagnosis 
when  the  b.  pestis  can  be  demonstrated  in  its  blood  or  spleen. 

(4.)  Serum  diagnosis. 

"  No  practical  value  attaches  to  the  method." 

9.   Tetanus,    g^landers^    relapsing^    fever, 

and  numerous  other  rarer  diseases  are  also  due  to 
bacilli,  but  cannot  be  further  referred  to  here. 

II. — Micrococci. 

1.  Staphylococci. — These  occur  in  small  masses 
&nd  are  readily  stained  by  ordinary  aniline  dyes  and 

•  Cf.  Deutsche  Pest-Kommission,  s.  321-324, 
t  Vol.  v.,  p.  54  et  teq. 
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by  Gramas  method.  The  individual  cocci  measure 
about  1  /i  in  diameter.  The  chief  varieties  are  S. 
pyogenes  aureus,  S.  pyogenes  albus,  S.  citreus. 

2.  Streptococci. — This  group  contains  a  con- 
siderable number  of  pathogenic  organisms.  They 
occur  in  shorter  or  longer  chains. 

(a)  S.  pyogenes. — Stains  as  the  staphylococci. 
It  pi*oduces  a  severe  suppuration  with  a  great 
tendency  to  indeterminate  extension. 

(6)  S.  erysipelatosus  is  very  closely  related  to 
the  last,  and  certainly  cannot  be  distinguished  by 
cover- glass  preparations  or  by  culture  methods.  The 
chains  contain  from  five  or  ten  to  as  many  as  forty 
cocci.  Many  authorities  regard  it  as  only  a  virulent 
form  of  S.  pyogenes. 

3.  Pneumococcus  (diplococcus  pneumonise, 
Frsenkel). — These  diplococci  are  the  cause  of  croupous 
pneumonia,  though  they  occur  also  in  normal  saliva. 
They  are  lancet-shaped  and  the  points  of  the  lancets 
are  directed  away  from  each  other.  The  diplococcus 
is  eiicloj-ed  in  a  capsule  which  stains  less  deeply 
than  the  cocci  themselves.  They  stain  readily, 
and  are  coloured  by  Gramas  method,  which  aids 
in  distinguishing  them  from  Friedlander's  pneumo- 
bacillus,  as  the  latter  cannot  be  stained  by  iti 
(Frontispiece,  d.) 

4.  Diplococcus  intracellularis  (Weichsel- 
baum). — This  organism  is  found  within  the  pus  cells 
of  many  cases  of  epidemic  cerebro-spinal  meningitis, 
and  may  be  recognised  in  the  fluid  removed  by  lumbar 
puncture  during  the  life  of  the  patient.  In  cover-slip 
preparations  the  diplococcus  can  be  stained  by  several 
aniline  dyes ;  Lofllei^s  methylene  blue  process  yields 
excellent  results.  It  is  decolorised  by  Gram's 
method.  The  cocci  are  arranged  in  pairs,  the  long 
axes  of  the  individual  cocci  lying  parallel  to  each 
other  ^    the  diplococcus  thus  presents  a  somewhat 
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striking  likeness  to  the  gonococcus.  Cultures  should 
be  made,  in  doubtful  cases,  on  glycerine  agar. 
Dr.  Still  has  described  a  somewhat  similar,  but  less 
virulent,  diplococcus  as  occurring  in  the  non- tuber- 
culous posterior  basic  meningitis  of  children.  Still's 
orga!.ism  is  more  easily  grown  than  tbe  true 
diplococcus  intracellularis. 

5.  IVEicrococeiis  tetra8^eiiu«. — This  organism 
is  found  in  the  sputum  which  comes  from  phthisical, 
bronchiectatic  and  other  cavities  in  the  lungs.  The 
cocci  are  about  \b  fi  in  diameter,  and  occur  in  groups 
of  four  enclosed  in  a  cpsule.  They  are  readily 
coloured  by  Gram's  method  and  by  basic  aniline 
dyes. 

6.  Gonococ<*iis. — This  is  a  diplococcus,  the  two 
cocci  of  which  lie  very  close  together  and  are  thus 
difficult  to  distinguish.  With  high  magnification  they 
are  seen  to  be  kidney-shaped  and  have  their  concave 
si<les  facing  one  another.  Sometimes  the  gonococci 
are  found  free ;  at  other  times,  and  more  character- 
istically, enclosed  in  pus  corpuscles,  in  which  they 
occur  in  groups.  They  are  readily  stained  by 
aqueous  solutions  of  basic  aniline  dyes.  They  are 
decolorised  by  Gram's  method,  which  often  aids  in 
clinching  the  diagnosis  in  a  doubtful  case.  Advan- 
tage may  also  be  taken  of  the  fact  to  secure  a  double 
stain,  the  cover  glass  being  first  treated  by  Gram's 
method  and  then  counterstained  with  vesuvin  or 
Bismarck  brown.  Most  of  the  other  microbes  then 
stain  violet,  the  cellular  elements  are  light  brown, 
and  gonococci  are  darker  brown.     (Frontispiece,  e.) 

To  determine  the  identity  of  the  gonococcus  in 
doubtful  cases  the  following  criteria  are  avail- 
able* : — 

i    The  occurrence   in  the   pus    cells   of  paired 

*  Curtis,    <*  Essentials  of    Practical    Bacteriology,"  p.    127 
I4fier  Foulerton.) 
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bean-shaped  coccL  At  least  four  pairs  in  each  ceU 
should  be  recognised. 

ii  The  typical  cocci  should  be  readily  decolor- 
ised when  treated  by  Gram's  method. 

iii.  Pure  growths  cannot  be  subcultnred  on 
gelatin  at  20°  0.  or  on  agar  at  either  20°  C.  or  36'  0. 

7.  Micrococcus  IVIelitensis  (Bruce)  is  a  very 
minute  oval  coccus  about  one-third  of  a  micro- 
millimetre  in  diameter.  In  coverslip  preparations 
it  is  readily  stained  by  basic  aniline  dyes,  but  it  is 
decolorised  by  Gram's  method.  The  cocci  are  for 
the  most  part  arranged  singly,  but  sometimes  they 
form  short  chains.  The  micrococcus  Melitensis 
exhibits  the  agglutinative  reaction  very  distinctly, 
and  in  doubtful  cases  the  diagnosis  may,  in  this 
manner,  be  established.  The  blood  serum  from  the 
suspected  patient  should  be  mixed  with  a  pure 
culture  in  exactly  the  same  manner  as  has  been 
detailed  for  typhoid  fever.  By  this  means  Wright 
and  Smith*  have  been  able  to  prove  that  some  of  the 
Indian  fevers  are  due  to  the  same  organism  as 
Malta  fever. 

8.  Sarcina  ventricnli  is  described  elsewhere 

(p.  91). 

III. — AOTIKOMYOES. 

The  ray  fungus  (Figs.  85  and  147)  has  been  placed 
in  various  groups  of  fungi  by  dilSFerent  observers. 
It  has  affinities  with  several  classes,  but  is  perhaps 
best  associated  in  the  meantime  with  a  somewhat 
miscellaneous  group  under  the  heading  "  Fungi  im- 
perfecti,"  as  has  been  proposed  by  Winter,  t  It 
may  be  found   in  pus,  sputum,  fseces,  urine,  or   in 

♦  Laneet,  1897,  i.,  p.  666. 

f  Babenhorst.  KryptogBimenflora.  Bd.  I.  Die  Pilze,  bearb. 
von  Dr.  Georg  Winter.  The  present  tendency  is  to  regard  it 
as  more  closdy  related  to  the  streptothxix  seotioii  of  iMUsteria 
than  to  any  other  group. 
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tissues  removed  by  operation  or  after  death.  It 
occurs  in  the  form  of  minute  yellow  granular  masses, 
which  are  generally  recognised  without  much  diflfi- 
culty  under  the  microscope.  The  most  expeditious 
method  for  its  demonstration  is  to  crush  a  small  granule, 
immersed  in  a  drop  of  glycerine,  between  a  micro- 
scopic slide  and  cover  glass.  Treated  thus,  one  sees  a 
radiating  cluster  of  pear-shaped  bodies,  whilst  in  the 
centre  of  the  mass  the  filaments  of  an  interlaced 
mycelium  may  be  observed.  If  a  stained  preparation 
is  wanted,  a  good  method"^  is  to  desiccate  a  layer  of 
pus  on  a  cover  glass,  then  to  wash  it  with  ether  and 
immerse  in  a  concentrated  solution  of  caustic  potash. 
From  this  it  is  transferred  to  a  5  per  cent,  solution  of 
eosin  in  water,  where  it  remains  for  a  quarter  of  an 
hour.  It  is  finally  washed  in  a  concentrated  solution 
of  acetate  of  potash  and  mounted  in  the  same  medium. 
The  centre  of  the  mass  is  stained  a  bright  red,  the 
clubs  pale  pink  or  yellow. 

The  mycelial  elements  are  best  stained  by  Gram's 
method ;  thionine  blue  also  yields  satisfactory  pre- 
parations. 

^  Lemiere  and  B^ci:«« 
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APPENDIX. 
Weights  and  Measures 

1.  Eng^lish  iveiglits  and  measares. 

1  grain,  gr. 

1  ounce,  oz.       =  437*5  grains. 

1  pound,  lb.       =16  ounces  =  7,000  grains 

1  minim  =  0*91146  grain. 

1  fluid  drachm  =  60  minims. 

1  fluid  ounce     =  8  fluid  drachms 

1  pint  =  20  fluid  ounces 

1  gallon  =  8  pints. 

2    Relation  of  Eng^lish  to  metric  system 


1  grain 

=  64  8  milligrammes. 

1  ounce 
1  lb. 

=  28-3  grammes. 
=  45  J -6  grammes 

1  gramme 
1  kilo 

=  15*432  grains. 
=  2  lb.  3  oz. 

1  minim 

=  0059  cc. 

1  fluid  drachm 

=  3*5  cc. 

1  fluid  ounce 

=  28*39  ca 

1  pint 
1  cc. 

=  567*9  cc. 
=  16*9  minims. 

1  litre 

=  35*2  fluid  ounces. 

1  inch 

=  2*54  cm. 

1  foot 

=  30*48  cm. 

1  yard 
1  cm. 

=  91*44  cm. 
=  0*39  in. 

1  metre 

=  39-37  in. 

3.  Conversions. 

To  convert  grammes  per  100  ca  into  grains  por 
ounce,  multiply  by  4-376. 
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To  convert  grunmea  into  onaoes  avoirdnpois 
multipljr  hj  10  and  divide  by  283. 

To  oonTert  litres  into  pints,  multiply  by  88  and 
divide  by  50. 

To  convert  kilos  into  pounds,  multiply  by  1,000 
■nd  divide  by  454. 
4.  CenliiTade  and  Fahrenheit  scales. 

To  convert  Fahrenheit  into  Oentigrade,  aubtraat 
32,  multiply  the  remainder  by  5,  and  divide  the 
result  by  9. 

To  convert  Centigrade  into  Fahrenheit,  multiply 
by  9,  divide  by  5,  and  add  32. 

The  following  table  and  figure  show  the  relation  of 
degrees  Fahrenheit  to  Centigrade,  as  F   f 

tar  as  is  likely  to  be  requiredin  clini-  -     *        -- 

cal  work : — 


OvIdsndB.  Fibrei 


lentignde.  Fthranbelt,        ,g, 
9S-6 
97-7       10S  l-ai 
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Solutions  Required  fob  Examinatiox<  op  GasTbio 

Contents. 

5.  Phlorog[lucin  and  vanillin  solution. 

Dissolve  2  grms.  pbloroglucin  and  1  grm. 
of  vanillin  in  30  cc.  of  absolute  alcohol.  Keep  the 
solution  in  the  dark,  and  use  it  economically. 

6.  Boasts  resorcin  reagent. 

Resorcin        76  gra. 

White  sugar •••  46  grs. 

Dilute  spirit •••  3^  bz. 

Dissolve. 

7.  Uflelmann's  reagent. 

Carbolic  acid  (1  in  20)  •••     10  00. 

Distilled  water  ...         .,,     20  ca 

Mix. 
Add  one  or  two  drops  of  liq.  ferri  perchlor.  An 
amethyst  blue  solution  results.  It  should  be  pre- 
pared fresh  each  time,  as  it  does  not  keep.  Lactic 
acid  turns  it  yellow.  Hydrochloric  acid  simply 
discharges  the  blue  colour.  Acetic  and  combvMd 
hydrochloric  acid  turn  it  somewhat  brownish. 

8.  Congo  re4  test  papers. 

These  are  made  by  soaking  bibulous  paper  in  a 
solution  of  Congo  red,  of  the  strength  of  1  deci- 
gramme to  100  cc.  of  water,  or  in  a  saturated 
alcoholic  solution.  They  are  allowed  to  dry,  and  are 
then  ready  for  use. 

Solutions  Requibbd  for  Ueinaby  Testinq. 

9   Standard  nitrate  of  silver  solution. 

Dissolve  29-063  grms.  of  pure  fused  silver  nitrate 
in  distilled  water,  and  fill  up  to  1  litre.     Keep  in 
edark. 
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10.  Standard  uranium  solution. 

Dissolve  3*6  grms.  of  uranium  nitrate  in  90  cc.  of 
water  to  which  has  been  added  2*5  cc.  of  glacial  acetic 
acid ;  then  fill  up  to  100  cc. 

1  cc.  =  5  mg.  PaOj. 

11.  Acetic  solution  of  sodium  acetate* 

Dissolve  100  grms.  of  crystals  of  sodium  acetate  in 
some  water;  add  100  cc.  of  strong  acetic  acid,  and 
dilute  with  water  to  1  litre. 

12.  Hypobromite  solution. 

Dissolve  100  grms.  of  caustic  8oda  in  250  cc.  of 
water.  Cool,  then  add  25  oc.  of  bromine.  The 
solution  is  apt  to  undergo  the  following  decompo- 
sition : — 

3  NaBrO  =  2  NaBr  +  NaBrOg. 

It  is  therefore  better  to  prepare  it  as  required  by 
adding  2*5  ca  of  bromine  to  25  cc.  of  the  caustic 
soda  solution. 

The  bromine  is  supplied  i-i  small  tubes,  which 
readily  break  when  shaken  up  smartly  with  the  soda 
solution  in  a  stout  stoppered  bottle. 

13.  Esbach's  reagent. 

Dissolve  10  grms.  of  picric  acid  and  20  grms.  of 
citric  acid  in  about  900  cc.  of  boiling  water  j  cool, 
and  add  water  to  1  litra 

14.  Feiilingf's  solution. 

(a)  Take  34*64  grms.  of  pure  sulphate  of  copper 
which  has  been  powdered  and  pressed  between  bibu- 
lous paper,  dissolve  in  200  cc.  of  warm  distilled  water, 
cool,  and  fill  up  to  500  cc. 

(6)  Dissolve  180  grms.  of  crystaUised  Rochelle 
salt  in  300  cc.  of  hot  water,  filter,  and  add  70  grms. 
of  pure  caustic  soda^  or  100  grms,  of  potash ;  cool, 
fill  up  to  500  CO. 
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When  required,  mix  equal  volumes  of  (a)  and  (6). 
The  result  is  an  alkaline  solution  of  potaissic  cupric 
tartrate,  of  which  1  cc.  is  exactly  reduced  by  5  mg.  of 
pure  glucose. 

14a.  IVylander's  (or  Blittger's)  reagent. 

Dissolve  10  grma  of  caustic  soda  in  100  ccm.  of 
water,  warm,  and  add  4  grms.  of  Bodio-potas.'^iuiii 
tartrate  and  2  grms.  of  bismuth  subnitrate.  Shake 
thoroughly,  A  hydrated  oxide  of  bismuth  is  formeil, 
which  is  kept  in  solution  by  the  tartrate.  The 
solution  should  be  filtered  and  kept  in  a  tightly 
stoppered  bottle  in  the  dark. 

15.  Pavy's  solution* 

Required — 

Cupric  sulphate       ...         ...     4*158  grms. 

(36J  grs.). 
Bochelle  salt  ...         ...     20*4  grms. 

(178  grs.). 
Caustic  potash         ...         ...     204  grm& 

Strong  ammonia      ...         ...     300  cc. 

(Specific  gravity,  0*880)  (6  oz.). 

Water  to      ...         ...         ...     1  litre. 

(1  pt). 

Dissolve  the  Rochelle  salt  and  potash  in  part  of 
the  water,  and  the  sulphate  of  copper  in  anotluM 
(with  the  aid  of  heat),  pour  the  copper  solution  into 
that  of  the  alkali  and  Rochelle  salt^  cool,  add  tin* 
ammonia,  then  fill  up  to  1  litre  or  1  pt. 

Keeps  indefinitely.     10  cc.  =  5  mg.  glucose. 

16.  Peptone,  solution    for    testing    for    biit* 

acid»« 

Powdered  peptone  (Savory  and  Moore's)  J  dr. 
Salicylic  acid  ...         ...         ...         ...     4  grs. 

Acetic  acid      ...         ...         ...         ...     ^  dr. 

Distilled  water  to       ...         ...         ...     8  oz. 

Filter  repeatedly  until  transparent. 
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Solutions  REquiitED  in  toe  Examinatios  of  Blood. 
IT.  Diluting  fluid  foi  hwinocj'lomoler. 


1 
■ 


Sulphate  of  Eoda 

Acetic  acid  ... 

Distilled  wat-^r 

Hnyein*s  solution. 

BulpLate  of  soda  ... 
Corrosive  aiiljliinate  ... 
Distillpii  water 


^•alt, 


Tpjrhmann's  test  for  blood  (bmnln  t«Bt). 
Take  up  ia  a  pipette  some  of  the  deposit  to  be 
imiiiet].  Rub  it  up  withasmalt  amount  of  common 
It,  and  evaporate  a  little  of  the  mixture  to  dryneea 
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on  0.  slide.  Moisten  the  residue  with  glncial  acetic 
acid,  and  put  on  a  cover  glass.  GeLtly  heat  this  over 
a  very  ainall  flame  for  several  inimites,  avoiding  boil- 
ing. Allow  a  little  glacial  acetic  acid  to  run  in  from 
the  side  of  tlie  cover  glaes  from  time  to  time  during 
the  process.  Allow  to  cool,  and  examine  for  lisemin 
crjBtals  with  a  high  power  (Fig.  161). 

Some  Staikhtg  Mbthodb. 
20.  Oram's  method. 

The  following  solutions  are  required  ; — 

(1)  A  solution  of  gentian  violet  in  aniline  water. 
This  is  prepared  as  follows  :— 

Place  in  a  test  tube  1  i«irt  of  aniline  oil  ajid 
20  of  ordinary  water.  Shake  these  thoroughly  to- 
gether, and  filter.  Pieserve  the  filtrate  {a)  in  a 
stoppered  bottle  in  the  dark.  Prepare  a  saturated 
alcoholic  solution  of  gentiiin  violet  and  filter  it  (b). 
To  9  parts  of  (a)  add  1  part  of  {b)  and  filter  the 
mixtura  The  two  solutiona  should  only  be  mixed 
shortly  before  use  j  after  twenty-four  hours  the  stain 
becomes  less  trast worthy. 

(2)  A  solution  of  1  gmi.  of  iodine  and  2  grms.  of 
iodide  of  potash  in  300  cc.  of  distilled  water. 

Float  the  cover  slip,  face  downwards,  in  a.  capsule 
containing  some  of  the  stain.  In  the  cold  the  film  is 
usually  stained  in  five  minutes  ;  if  the  fluid  is  heated 
till  steam  rises,  in  about  one  minute.  VVash  the 
cover  slip  in  water,  then  place  it  for  half  to  one 
minute  in  solution  2.  Here  the  film  becomes  black. 
It  is  then  washed  in  alcohol  or  methylated  spirit 
until  it  ceases  to  lose  colour  and  becomes  a  pale  grey. 
Wash  in  water.  Dry  between  filter  papers.  Mount 
in  xylol  balsam. 

The  following  modification  of  Gram's  method  will 
be  found  simpler  and  more  efficient.  For  aniline 
oil   water  substitute  a  1  in  20  aqueous  solution  of 
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phenol  in  the  same  proportioia,  and  carry  out  tha 
staining  as  detailed  above.  After  treatmeait  with  the 
Iodine  solution,  and  washing  with  alcohol,  transfer  to 
clove  oil,  which  increases  the  sliarpness  of  the  dif- 
ferentiBtioD ;  wash  out  the  clove  oil  with  alcohol, 
then  transfer  to  water,  erniloy  a  contraat  Btain  if 
desired,  waah  again  in  water,  dry,  and  mount  in 
xylol  balsam. 

Some  bacteria  retain  this  stain,  eapeeially  tubercle, 
leproay,  diphtheria,  tetanus,  yi:llow  fever,  and  anthrax 
amongst  bacilli ;  and  streptococci,  staphylococci,  mi- 
crococcus tetragenuB,  and  diplococcus  pneumonita 
(Fitenkel)  amongst  cocci ;  hut  many  are  decolorised 
by  the  process,  and  are  thereby  distinguished  from 
those  already  mentioned,  the  most  important  being 
plague,  cholera,  influenza,  glanders,  typhoid,  bacillus 
coli  communis,  diplococcus  introcellularis,  gonococcus, 
and  micrococcus  Melitensis. 

»21.  Ziehl-IVecIsen  BlRtn. 
A.    Fiichsin,  1  part  1  ,.      , 

Absolute  alcohol,  10  parts  ;<>™°'™- 
Add  of  S  per  cent,  aqueous  solution  of  phenol  100 
parte. 

B.  Twenty  per  cent,  sulphuric  add, 

C.  Watery  solution  of  methylene  blue.  The  solu- 
tion should  be  nearly  saturated.  The  addition  of  a 
trace  of  ammonia  increases  the  precision  of  the 
staining. 

Method. — Heat  A  till  steam  rises,  then  float 
cover  glasses,  film  down,  on  it  for  three  or  four 
minutes,  rinse  in  water,  immerse  in  B  till  decolorised, 
wash  in  water,  counterstain  if  desired  in  C  for  one 
minute  or  more,  wash  rapidly  in  water,  dry,  and 
mount  in  xylol  balsam  for  permanent  preparations,  or 
Farrant's  medium  if  not  to  he  preserved.  Sections 
^qoire  longer  staining  and  must  not  be  dried  ;  clove 
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oil  should  not  be  used  for  clearing  purpoaea,  as  it 
often  decoloriaea  tlie  bacteria. 
^^^    32.  L.offler'a  statu.     (This  ahould  be  freshly 
^^^H  prepared.) 

^^^^1     Concentrated    alcoholic   Bolution   of 

^^^B  methylene  blue  1  oo, 

^^^^P      Oauatio    pota.iih    in    OO'l    per  cent. 
^^^V  aqueous  solution  ...         ...     3  cc. 

^^^^RpecimBns  are  Htained  in  from  five  to  thirty  minut«B. 
^^^HlTxcesB  of  stain  is  discharged  by  nipid  washing  in 
^^^  water  acidulated  with  acetic  acid  (2  drops  of  acid  in 
a  watch-glassful  of  water)  and  all  traces  of  acid  well 
washed  out.  The  specimen  ia  then  dried  and 
^^^moimted. 

^^^^   23.  Carbol  lliionine.    (Prepared  freshly.) 
^^^^H      Saturated  solution  of  thionine  in 

^^^P  60  per  cent,  alcohol 10  oo. 

^^^^        1  in  40  solution  of  phenol  in  water     100  ca 

This  stain  is  one  of  the  best  for  film  preparations. 
After  staining,  which  is  rapidly  effected,  wash  the 
specimen,  in  water,  then  dry  and  mount.  Sections 
should,  after  washing,  be  passed  through  alcohol 
containing  a  trac«  of  ammonia,  thereafter  dehydrated 
by  absolute  alcohol,  cleared  with  xylol,  and  mounted 
in  balsam. 

24.  Aniline  water  is  made  by  shaking  np  1 
part  of  colourless  aniline  oil  with  3  parts  of  distUled 
water  iu  a  bottle  of  dark  glass.  The  ercess  of  oil 
sinks  to  the  bottom,  and  the  suj^rnatant  aniline 
water  is  decanted  and  filtered  through  a  filter-paper 
previously  moistened  with  distilled  water,  when  it  is 

k ready  for  use.     Both  the  aniline  oil  and  the  aniline 
■Water  must  be  kept  in  bottles  of  dark  glass.* 
t 
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25.  Cbrlicb^s  Triacid  Stain. — Prepare  satu- 
rated watery  solutions  of  chemically  pure  and  crys- 
talline orange  G,  acid  fuchsin  and  methyl  green. 
Then  make  the  following  mixture  : — 

Orange  G  solution 

Acid  fuchsin  solution  . . 

Distilled  water... 

Alcohol ... 

Methyl  green  solution  . . . 

Alcohol ... 

Glycerine 

The  fluids  must  be  measured  out  in  the  above  order, 
in  the  same  glass,  and  from  the  addition  of  the 
methyl  green  onwards  the  mixture  is  thoroughly 
shaken.  The  solution  can  be  used  at  once  and  keeps 
indefinitely. 

Blood  films  stain  in  it  in  from  one  to  five  minutes, 
depending  upon  the  particular  blood  under  examina- 
tion and  the  mode  of  its  fixation.  The  exact  time 
required  can  therefore  only  be  found  out  by 
experiment. 

26.  Van  Ermeng^cn  recommends  the  following 
solution  for  cleansing  slides  and  cover  glasses  : — 

Concentrated  sulphuric  acid     ...       6  parts. 
Potassium  bichromate  ...  ...       6      „ 

Water     ...         ...  ...         ...   100     „ 

Leave  the  glasses  in  the  above  solution  for  twelve 
hours ;  wash  in  water  until  all  trace  of  bichromate  is 
gone ;  thereafter  preserve  in  absolute  alcohol. 
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Abdomen,  53 

Auscultation  of,  62 

Diseases  of,  21 

Examination  of,  54 

Movements  of,  57 

Palpation  of,  58 

Percussion  of,  61 

Pigmentation  of,  58 

Pulsation  in,  56 

Surface  of,  57 

Tumours  of,  60 

Accommodation  of  the  Eye,  443 
Acetic  Acid,  87 
Acetone  in  Urine,  368 
Acid,  Acetic,  87 

Bile,  Peptone  Test  for,  596 

Butyric,  87 

Carbolic,  in  Urine,  269,  362 

Glycuronic,  359 

Hippuric,  Deposits,  366 

Lactic,  87 

Oxalic,  313 

Phosphates,  84 

Picric,  320 

Sulphuric,  311 

Tests  for,  84,  320 

Urates,  305 

Uric,  306,  320 

deposits,  364 

Quantitative    Estimation 

of,  321 

Tests  for,  321 

Acidity  of  Stomach  Contents,  84 
Acids,  Mineral,  86 

Organic,  86 

Actinomyces,  590 

in  Pus,  557 

in  Sputum,  292 

Adductor  Jerk,  481 
Adenoids  (see  Pharynx) 
iEgophony,  274 
Age,  Apex  Beat  and,  113 

Old,  Heart  Sounds  in,  153 

Agglutination,  580 
Air-passages,  Obstruction  of,  37 
Alar  Chest,  242 
Albumin,  Serum,  554 

in  Urine, -326 

Estimation  of,  331 

Tests  for,  328 

Albuminuria,  Nucleo,  334 
— —  (see  also  Retinitis) 
Albumoses,  88 
Albumosuria,  332 
ilcohol,  as  a  Fixative,  224,  229 

-  Use  of,  4 

mentary  System,  6, 14,  46 

*ptonuria,  801 


AUocheiria,  470 

Amaurosis  {see  Bliadness) 

Amblyopia  {see  Blindness) 

Amimia,  422 

Ammonia,  Urate  of,  Deposit,  370 

Amnesia  Verbalis,  420 

Amniotic  Fluid.  560 

Amoeba  Dysenlcrise,  106,  558 

Amphoric  Resonance,  265,  274 

Respiration,  271,  293 

Anaemia,  Blood  in,  220 

Heemic  Murmurs  in,  168 

Polychromatophilia,  229 

Psendoleukaemia      Infantum, 

229 

Anaesthesia,  469 

Analgesia,  471 

Aneurysm,  Aortic,  Dulness  on  Per* 
cussion  in,  138 

Murmurs  in,  170 

Rilsation  from,  116,  117, 

.  190 

Innominate,  116 

Intra!  horadc,  199 

Angulus  Ludovici,  108 

Aniline  Water,  600 

Ankle  Clonus,  482 

Jerk,  481 

Ankylostoina  Duodenale,  99 

Anosmia,  423 

Anthrax,  586 

Anthropometry,  24 

Antipyi'in  in  the  Urine,  362 

Aorta,  150 

Dilatation  of,  123 

Disease  of.  Murmurs  in,  163 

Incompetency,  19i 

Stenosis  of,  197 

(see  alifo  Aneurysm) 

Aortic  Area,  151 

Murmurs  (see  Heart,  Munnuri 

of) 

Apex  Beat  (see  Heart) 

Ajihasia,  417 

Arcus  Senilis,  500 

Argyll- Robertson  Pupil,  443 

Arm,  Motor  Points  in,  486 

Nerve  Supply  of,  410 

Paralysis  of,  458 

Arteries,  Murmurs  in,  169 

Pulse  in  Atheroma  of,  190 

(see  also  Aorta,  Carotids,  Cere- 
bral and  Pulmonary  Arter- 
ies, and  Innominate) 

Ascaris  Luinbricoides  in  the 
FiEces,  99 

Mystax,  99 

Ascites,  63 
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Aspergillus   in   Auditory  Meatus, 
516 

Fumigatus  in  the  Sputum,  292 

Asthma,  Cardiac,  199 

Signs  of,  282 

Astigmatism,  503 

Ataxia,  462 

Atheroma,  Pulse  in,  190 

Athetosis,  468 

Attitude,  19 

Audition  (see  Hearing) 

Auditory  Meatus,  516 

Auricles  {see  Heart) 

Auriscope,  518 

Auscultation  of  Abdomen,  62 

of  Chest,  266 

of  Children,  542 

of  Heart,  145 

of  (Esopliagus,  52 

of  Stomach  Area,  68 

{see  also  **  Extra-auscultation  '*) 

Axilla,  Temperature  of,  41 

Babinslci's  Sign,  460,  475 
Bacillus  Anthracis,  586 

Cholerae,  585 

Ooli,  584 

Diphtheriae,  576 

Pestis,  586 

Ffeiffer's,  576 

— y  Pseud o-diptheritic,  579 

Tuberculosis,  575 

Typhoid,  579 

Back,  Motor  Points  of,  493 
Bacteriology,  Clinical,  562 
Bact«ruria,  573 
"  Barrel-shaped  "  Chest,  245 
Bath,  Hot,  Examination  of  Patient 

in,  61 
Bell's  Paralysis,  449 
Bigeminal  Pulse,  174 
Bile  in  the  Ui  ine,  353 
• —  Acids,  Peptone  Solution  for, 

596 

Tests  for,  90,  355 

Pi^ent,  Tests  for,  354 

Bilharzia  Hsematobium  in  Urine, 

380 
Bismarck-brown  Solution,  566 
Blepharitis,  499 
Blindness,  425 
{see  also  Colour-blindness  and 

Mind-blindness) 
Blood,  Alkalinity  of,  234 

Carbonic  Oxide  in,  233 

Cells,  219,  229 

Circulation  of,  194 

Coagulability  of,  234 

Corpuscles  of,  219,  229 

Diseases  of,  8 

Examination  of,  200,  670,  597 


Blood,  Microscopical  Examination 

of,  216 

Parasites  of,  23C 

Platelets  of,  207 

Pressure  of,  176 

Specific  Gravity  of,  233 

Squeezing  Out  to  be  Avoided. 

200,  208 

Vomit  Containing,  91 

(see  also  Filaria,  Films,  Haemo- 

globinnria,      Haemometer, 

Leucocythsemia,  Spirilluui, 

Stains) 
Boas*s  Resorcin  Reagent,  86,  594 
Bock-Oertel's  Stethophonometer,  146 
Body,  Development  of,  23 

Proportions  of,  24 

Boils.  35 

Bones,  Diseases  of,  11 

in  Nervous  Affections,  484 

Examination  of,  530,  541 

Bothriocephalus  Latus,  103 
Bottgefs   Reagent   (see   Nylander^s 

Reagent) 
Brain,  Blood-vessels  of,  405 

Functions  of,  414 

Motor  Area  of,  395 

(see  also  Cerebral. Arteries) 

Breakfast  (see  Meal) 

Breast,  202 

Breath,  Character  of,  50 

Breathing  (see  Respiration) 

Bright's      Disease,      Albuminuric 

Retinitis  in,  516 

Optic  Atrophy  in,  614 

Broadbent,  on  Systolic  Retraction, 

116 
Bromides  in  the  Urine,  362 
Bronchi,  Pressure  on,  283 

and  Respirati(m,  36 

Bronchial  Breatliing,  268,  203 
Bronchitis,  Signs  of,  279 
Bronchophony,  273 
••  Bruit  de  Diable,"  169 
"  Bruit  de  Galop,"  164 
Bruits  (see  Heart,  Murmurs  of) 
Bullae  of  Skin,  384 
Butyric  Acid,  87 

Calculi,  Biliary  (see  Gallstones) 

Urinary,  Analysis  of,  363 

Calibre  of  a  Blood-vessel,  174 
Capsules,  563 
Carbol-thionine,  600 
Carbolic  Acid  in  Urine,  269,  362 
Carbonates  in  Urine,  371 
Carbonic  Oxide  in  the  Blood,  233 
Carbuncles,  36 
Cardiac  Cycle,  146 

Region,  Percussion  of,  129 

(see  also  ttsa-'^ 
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Carotidn,  Pulsations  of,  115 
Case-taking,  1 

in  Mental  Diseases,  17 

Scheme  of,  13 

Casts  in  the  Diine,  376 
Cells,  Epithelial,  557 

(«ee  also  Blood) 

Centigrade  and  Fahrenheit  Scales, 

593 
Cerebral  Arteries,  412 
C-crebro-spinal  Fluid,  560 
Cestoda  in  Faeces,  100 
Charcot-Leyden  Crystals  in  Sputum, 

289 
Cheeks  (see  Face) 
Chest,  Auscultation  of,  266 
Bjilging  of,  246 

Healthy,  240 

1  nspection  of,  109 

Movements  of,  246,  252 

Palpation  of,  258 

Percussion  of,  130,  255 

Pulsations  in,  116 

ll<«chitic,  242 

Regions  of,  237 

Shape  of,  110,  239,  241,  251 

Shrinking  of,  246 

Unilateral  Enlargement  of,  245 

Veins  of,  118 

\'ibrations,  253 

Vocal  Fremitus,  254 

Chewing,  Defective  Power  of,  445 
Chey)ie-Stokes'  Breathing,  247 
Cliildren,  Alimentary  System    of, 

545 
Apex-beat  in,  113,  646 

Bones  of,  541 

Circulatory  System  in,  546 

Clinical  Examination    of,  11 

538 

Intellectual  Capacity  of,  550 

Xervous  System  of,  549 

Pulse  in,  539 

-  llespiratory   System   in,  539, 

647 

Skulls  of,  540 

Temperature  of,  541 

Tongue  in,  543 

Urinary  System  of,  296,  549 

Weight  of,  545 

(see  also  Rickets,  Syphilis) 

Chloral  in  the  Urine,  825,  862 

Chlorides  in  Urine,  308 

Chloroform  in  the  Urine,  825,  862 

Cholera,  Bacillus  of,  585 

Cholesterin  Crystals,  556 

---  in  Sputum,  289 

Choreic  Movements,  467 
oroid.  Tubercle  of,  515 
oroiditis.  Disseminated,  516 


Cliyluria,  874 

Circulation,  Disorders  of,  8 
Circulatory  System,  8,  14,  107 
Claw-hand,  458 
Clonic  Spasms,  466 
Clonus  (see  Ankle  and  Knee) 
Coagulation  (see  Blood) 
Colic,  Attitude  in,  22 
Colitis,  Membranous,  96 
Collapse,  48 
Colour,  Sense  of,  480 
Colour-blindness,  430 
Congenital  Heart  Murmurs,  167 
Congo  Red  Test  Pa^»ers,  594 
Conjunctiva,  Examinatiou  of,  499 
Conjunctival  Reflex,  476 
Conjunctivitis,  501 
Constipation,  7 
Contracture  (see  Muscles) 
Conversions  of  Weights  and  Meaa> 

ures,  592 
Convulsions,  466 
Co-ordination,  462 
Cornea,  Examination  of,  500 

Opacity  of,  502 

Corpuscles,  Red,  200,  229 

in  the  Urine,  873 

Cough,  36 

Character  of,  38 

Craniotabes,  534 
Cranium  (see  Skull) 
Creatinin  in  Urine,  825 
Crepitations  (see  R&les) 
Crystals  in  Fluids,  558 
Curschmanri's   Spirals  in  Sputum, 

287 
Curtis's  Procedure,  567 
Cyano-cupric  Method,  351 
Cylindroids  in  the  Usine,  878 
Cystin  in  Urine,  860.  368 
Cysts,  660 

"Death-rattle,'  87 

Decubitus,  19 

Defsecation,  483 

Degeneration,  Reaction  of,  496 

Deglutition,  483 

Delusions,  415 

Demodex  FoUiculorum,  398 

Deposits,  Urinary,  864 

Desquamation  of  the  Skin,  885 

Dextrose  and  Qlycuronic  Acid,  8 

Diabetes,  Boils,  etc.,  in,  85 

Diagnosis,  Electro,  491 

Diarrhoea,  7 

Diastole,  147 

Diastolic  Pulsation,  116 

Thrills,  121 

Diathesis,  25 

Diazo  Reaction  in  Urine,  861 

Dicrotic  Wave,  178 


Index. 
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Diphtheria,  674 

BacOlas  of,  676 

DiplococcuB  IntatusenulaiiB,  688 

.Diplopia,  484 

Distoma  Hmaticam,  106 

—  Lanceolatam,  106 

— ~  Pulmonale  in  the  Spnttim,  291 
Diverticola   («ee  CEsopnagus,    Di- 

veiticalaof) 
DoremiM  Ureometer,  819 
Dress,  Appearance  of,  83 
Dropqr>  81 

Bfftisions  oi;  668 

Dn^,  Xnfloence  of;  on  Breath,  60 

in  the  Urine,  862 

Dvdgeon*»  Sphygmograph,  184 
Dulness  (m0  Percussion) 
Dupri^i  Apparatus,  816 
Dyspnoea,  Ijuspiratory,  37 
in  Cardiac  Asthma,  199 

—  in    Tricospid    Incompetence, 

196 


Ear  in  Disease,  28 

Examination  of,  616 

Middle,  Inikition  of,  619 

(«ee  al90  Nerves,  Auditory) 

Echinococci  in  the  Sputum,  291 
Eflfhsions,  Dropsical,  659 
-—  Inflammatory,  658 

Pericardial,  138, 143 

Pleural,  143,  260,  203 

EMUsk'i  Diazo  Reaction,  861 

Triacid  Stain,  601 

Elbow  Jerk,  481 
Electrical  Apparatus,  486 
Electricity,  Medical,  486-496 
Embolism  of  Retina,  615 
Emotions,  17 
BmphyBema,Di8pIacement  of  Heart 

and  Liver  in,  142 

Shape  of  Chest  in,  244 

Signs  of,  279 

——  Subcutaneous,  387 
EmpnMtLoton>«,  4G6 
Empyema  Necessitatis,  861 

Pulsating,  116 

Environment.  Questions  as  to,  4, 13 
Bosin,  as  a  Stain,  226 
Epigastrium,  Palpation  of,  184 

Pnlsations  in,  117 

Epiphyses,  641 
Bpitheliumj287 

in  the  urine,  878,  876 

BqaiUbnttion,  468 

Kraptions  (see  Skin) 

SAaok*»  Reagent,  596 

Eustachian  Catheter,  520 

**  Bzplontion,'*  Flaid  obtained  by, 
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**  Bxtra-ausciiltation,"  Fhenoipena 

of,  86 
Eye,  Accommodation  of,  448 

Examination  of,  499,  504 

Expression  of.  25 

Movements  of,  434 

Paralysis  of,  436 

(«e  also  Nerve,   Optic ;  Nv^ 

taginus  ;  Ptosis ;  Pupils) 
Eyeball,  Tension  of,  501 
Eyelids,  Eveiting  the,  500 

Examination  of,  26 

Inflammation  of,  499 

Face,  Appearance  of,  in  Disease.  28 

Motor  Piiiiits  of,  485 

Facies  Hippocratica,  29 
Fseces,  575 

Abnormal  Ingredients  in,  94 

—  Bloody,  95 

in  Children,  546 

Colour  of,  93 

Form  of,  94 

GHlI-stones  in,  94 

Microscopical  Examination  of, 

97 

Odour  of,  93 

Parasites  in,  94-106 

Watery,  95 

FahrtnheU  and  Cenligrade  Scales, 

593 
Family  History,  13 
Faradic  Current,  490 
Fauces,  49 
Favus,  393 
Fading 8  Solution,  595 

Test,  842,  346 

Fermentation  Test  for  Glucose,  346 
Ferrocyanide  («ee  Potash) 
**  Festinant  Gait,"  537 
Fever,  Course  of,  46 

Relapsing,  218 

Types  of,  48 

(see  o/eo  Pyrexia) 

Fibriimria,  30^ 

Filaria  Sangumis  Hominis,  217,  880 

Films,  220 

Examination  of,  227 

Fixation  of,  222 

Preparation  of,  666 

Staining  of,  226 

Fingers  (see  Hand) 

Fits,  Enquiries  as  to,  10 

Flagp3,  Use  of,  in  connection  with 

Pulsations,  117 
Flat  Chest,  242 

Fleischl's  (von)  HsBmometer,  208, 209 
FHtU  on  Presystolic  Murmur,  164 
Fluids,  Pathological  Characters  of, 
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TontuMtl*,  InrggtlEBtloii  of.  GtD 
FoMmen  Ovile,  PBlunS,  IBT 


lU-bUdder.  Dliil«nded.  660 


ArTonl'g  <^kDD-cnprtc  Uetliod,  lEl 

miloTduooi'i  Baictioo  of    Degm- 

QOtsfUt  Metbiidfi,  S7 
OluiH.  Btreogth  of,  fM 
HloboBn,  Bemm,  66* 

OlowonhjujrEBil  Neryes,  488 
OlDuiKU  In  Vae  Drlne,  940 
Giyouronic  AcW  ip  Urine,  BW 
Omelln's  TesU,  BO,  3W.  »54 
Goiln.  BiaphUialDUa,  4Mi 


Gaatrt'  HBinoeybimfltiiT,  800. 101 

HsmoKlotitnoinater,  SIO 

Orayi'i  (wm)  Biro,  4» 
Ouaiu:  Teat,  Wt 


(HMfmiV'iTfst^M 


Habits,  B 


on,  0 


Hciniit"iiilD    '  Crjitsl*      In     Uie 

Sputmn.  189 
BBnutnpurpbyfinuili,  SS9 
BBBi.luri»,  886  „         „ 

BciDio  VurniTii*  (MBwrt,Mar- 

■---T,    DIlDlfBg    Fluid 


rtnm'i  euloni,  SM 
ein'i  SolntiOD,  NT 
puHA'i  NodosiUsa,  M 

rt.  Laxttms  of,  107 

.Ai»iB«tof.lll,lU 

.Auaoult«llDnof,»S 

—  Dilltation 


—  —  BoundB  In, 

—  Diaaisca  of,  114, 


\M 


Dulness  of  in  FErcuMiou,  IM^ 
Hvuertmpliy  of,  Soimdi  m,lfiS 

.  Hhrinnra  of,  1M-1T2 

OBngoniUl,  1ST 


BeguivltaDt,  101 

—  OatUw»<SM 

~  RedupllisUDnH,  IM 

—  Rli jHim  of,  IfiB 

—  SunUs,  ISS 

—  SoqndB  d(,  146, 190— lU 


tor  HKinrturiB,  MO 

Etmliuiopala.  4S9 
Hemiplegia,  461  _     . 

HereiBty.  Qnestiom  u  to,  B 

RiU  arS  /tanlord'i  SpliyginomiW, 

Hlppoc«tliia"ccuBrion,»7B 


"  Hutrhliuon'i  TMth,"  « 
EfdiLtid  CviU.  Si 
Hydaiida,  Fluid  of,6» 


Hydaiida,  Fluid  of,6M 
Bydroceplwllia,  (S) 
HydronspliPoiilB,  MO 
BydraperlcBniioin,  Itt 
Hvpenoaala,  Vii 
HypenitheBia.  4W 


HjpOhraEQltfl  Solution,  G9B 
Byiioglosul  Verve,  IQti 
H/«UriB,  Cnugh  in,  at 


Ind^logJuiA  In  TTiiiie,  a&7 
lntiitctBotLnDg.88a 
liiBunniatian,  BIfualgat  Ot,  U 
Innominate  Artery,  160 

Inunlty,  Gue-Uhl"^  In,  IT 
lnt«iTogittlon  of  Patient^  B 
InteBtincK,  AnDtomy  of,  Bl 

PEraoHlon  of.  81 

lodidcB  In  the  0tine,  383 
Iodine  Test  fur  Bile,  it6 
Iritis,  Ml    ; 
Iron  in  lbs  Drlne,  B«li 
Itch  ((ce  Scabies) 

Jmndlce,  DteoolontiOD  or  I' 

Jtuner't  Uethod  of  Htelning,  i 


BiiUtgad.  ^ 

Floating  end  Mov 

Pulmtlon  of,  79 

JQddoJiri  Hetliod  of 

Knet  Cloniu,  46B 


Laryn^co] 


Index. 

LIgbt,  ■ 


Left- 


ind  ReaplnCluu,  B« 


n.  lit 


Ldi,  Moll 

—  Nerve  Supply  of,  (11 

Punlnli  of.  too 

LMidn  In  Urine,  Sag 
LeUHioytea  In  Blood,  tot 

In  UiB  Urine,  t7S 

— .  V«rtotle«  of.  SM 
Lf-UDOCylhienils,  SOS 

U'nliopeoiii  32« 


Lime,  Oialnte  of.  Depoxlt,  387 

— ,  Biai!limt!on  of,  48 
Llpurift,  374 


-.  AplcnoT,  tS,  IDT 

-,  Bnatli  In  Dieeaea  of,  SO 

-,  Ckvltleaio,!!],  tO*,t71 

~,  Diaeasea  of,  S7B 

-, ,  Bart  Bound!  In, 

-,  ,  vaA    Farcuailon, 

-,  Hsinorrhaglo  Inhrttion  of. 


lof,  a 


I  of,  1!£ 


tfaHardv'i  Perimetal,  UT 
Hwsulu  Bet^ou,  611 
UunleiofauiBklB,n« 
"M.lnBngrtlft,"B»,«8 
HKUrli,  Puwlta  or,  IBO 


Meirilorytea.  290 
Menibnneg^  IVlM,  S 


Metric  ^ewm,  fiH 
Uiinr'i  HiEmalam,  US 
M™n*rl'»  FIbree,  441 
MiAoAii  MetbiMi  of  Bttinllg,  t» 


Index, 
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Paraflites  in  Sputum,  291 

in  Urine,  880 

,  Vegetable,  91 

Parosmia,  423 

Parovarian  Cysts,  560 

Patient,  General  Expression  of,  28 

Pavy'8  Method,  348 

Solution,  696 

Pectoriloquy,  273 

Pediculosis,  889 

Pentosuria,  853 

Pepsin,  88 

Peptone  Solution,  596 

Peptonuria  (jsee  Albumosuria) 

Percussion  of  Abdomen,  61 

of  Chest,  255 

of  Children,  543 

of  Heart,  129-144 

of  Intestines,  81 

of  Liver,  72 

of  Xiungs,  125 

of  Spleen,  77 

of  Stomach,  66 

of  Thorax,  181 

,  Dulness  on,  131-144 

,  Methods  of,  127 

,  Rules  for,  129 

,  Tlieory  of,  125 

Pericardial  BflYision,  188 

,  Heart  Sounds  in,  164 

Friction,  171 

Thrills,  122 

Pericarditis,  Characters  of,  199 
Dulness  on   Percussion    in, 

140 

Heart's  Action  in,  171 

Pericardium  and  Displacement  of 

the  Heart,  118 

Puncture  of,  552 

Perimeters,  426 

Peristalsis,  57 

Peritoneal    Cavity,    Puncture   of, 

552 
Personal  History,  4, 13 
PertiiRsis  («ee  Whooping-cough) 
Pettenko/er's  Test  for  Bile  Acids, 

855 
PJHffer's  Bacillus,  676 
Pharynx,  49 

Palpation  of,  644 

{see  alao  (Esophagus,  Explora* 

tionof) 
Phenyl  Hydnudne  Test,  845 
Phloioglucin  and  Vanillin  Solution- 

594 
Phonendosoope,  146 
Phosphate,  84 

in  Urine,  805,  310,  868 

"Phthinoid"  Chests  242 
Phthisis,  Signs  of,  280 
-^-  Spntom  of,  286  669 


Physical  Examination,  12 
Picric  Acid  Test,  880,  844 
Pigeon  Breast,  243 
Pigmentation  of  Abdomen,  68 
Plague,  Bacillus  of,  686 
PUintar  Reflex,  474 
Platinum  Needles,  562 
Plessor,  128 
Pleural  Cavity,  Puncture  of,  55S 

Emision,  143,  281 

Thrills,  122 

Pleurisy,  with  Bfltision,  263 

Friction  Sound  in,  277 

Heart's  Action  in,  171 

Signs  of,  281 

Pleuro-periciuxiial  Friction,  378 
PleurosthotonoB,  466 
Pleximeter,  127 
Pneumococci,  588 
Pneumonia,  Interstitial,  281 

Lobar,  280 

Sputum  in,  660 

Pneumopericardium,  Heart  Sounds 

in,  154 
Pneumothorax,  Heart  Sounds  in, 

154 

Resonance  in,  274 

Signs  of  282 

Poikilocytosis,  220 

Poly chromatoph ilia,  289 

Polypi,  Nasal,  526 

Position,  Sense  of,  471 

Posture  in  Disease,  19 

Potash,   Ferrocyanide  of.  Test  for 

Albumin,  880 
PrsBcordia,  Examination  of,  119 
Prsecnrdial  Reeion,  108 
Presystolic     Murmur  (tee  Heaii. 

Murmurs  ot) 

Thrills,  122 

Prostatic  Threads  in  Urine,  876 
Proteids  in  Urine,  325 
Pseudo-diphtheritic  Bacillus,  679 
Ptosis,  488 
Pulsations,  Diastolic,  116 

in  the  Epigastrium,  66 

in  the  Liver,  124 

in  the  Neck,  115 

in  Prsecordial  Region,  111,  111' 

in  the  Thorax,  116 

Varieties  of,  111-118 

Pulsations  {see  aleo  Thrills) 
Pulse,  173 

-beat,  178 

Carotid,  147 

in  Children,  689 

in  Disease,  189, 198 

General  Character  of,  IT* 

Normal,  177, 188 

Radial,  147 

Rate  ot,  V.^^W'^ 


RcHnTEtUut 

Miir. 

BcgurgilMion,  117,— 

lteiiiii1aiiflfl,8fuiHaFC»e 

RwinlLncs  (HI  LunKi  and    Pe 


Retinltfa,  AlbDnilnurlo,  MS 
Rfltjaoscoi^y,  60Z 
KheomBtliiD,  Attltnds  Id,  il 


(«  olio  Chut,  BuhiUij 


LulLICii 

™p»tlDn  of.  634 

Slide,  Thana-Ztla  GoDnliDg,  101 
Smell,  HdladlutllHia  of,  tU 
Sindii'i  (Priwtlw)  Perimstw.  4M 
SodJHiD  Acetate  Ekilution,  5M 


(wtaimCbloridra) 

eoluflone,  HB.cgi 

eounds.  CudiHcria  Heart,  Sonndi 

ol,  and  LoDgfl,  Booduicb 

of) 
Spuma  (t«  Uiuoles) 


(DrtlitEu',  Rfl 

Cmtn  of,  41B 


Dlanrden 

Bnlnsl  Acceuorv  Harm,  tSt 

Cord.  103 

y~ ^  BlnodTeHwli  Df,  4M 


—  FaniKM  In,  2»I 

—  SpLnta  in,  387 
[Hint  («  BtnbtHiiiH] 


SUpbjlocDcai,  fit 
£i«^   on   the   I 


Ball  Moo  at,'tS 

utfoU    of,  Balnthmi  f 


-  PUp»Uon  ot  <g 

-  FflrenBilon  oS,  M 

-  Perlf>tal>l»  of.  6T 


toirrintSg^«» 

Hulpliates  in  DilDa,  811 

B«b|,H3 

BfpUlli,  OmgenlUI,  fiSS 

BjrlnES,  arpodBrmlc,  «es 

^itoUe  RetncUoo.  IIO 
ThtUl*.  m 

"TucbaCirtbnle.'-sn 


Tempentare,  DeviBtlon  d 

Tendon  KeHoiw',  1T8 
Tertian  Pevt r,  4B 
"Ts9tII«Bl"(9uM«1) 


Phoaphorio  Add,  810 

Pus  la  TJrIne,  Sid 

Utoi,  81B 

Uric  Auld,  sn 

ThsnnomBler,  Dso  of.  ill 
Tluma-Ztla  tlremoirytomstar,  SOO 
Tbonm  (w  Cheat) 

Thriiia.  lai,  laa 

Tbroat,  BiaiDliiKtlDD  of,  B31 

1««]  Oonditiota  of,  B» 

sDd  Roaplmtion,  aa 

Thrush,  4B 

"  Thonili  Mathod  "  {hi  Uvar.Pslp..^ 

tlonof) 
Thyroid  Gland,  Kaliu;|Eeniant  of.  OS 


Tidal  or  Pradtcri 
Tinultni,  4S3      ' 

Tunalli,  49 
Touch,  4Sg 
Tncbf  a,  Bllamtian  ot,  18< 

Tnicboal  'I'ueging^  IM 
rmti'x'i  Spa™,  BT 


Trildd  Stain,  22* 
TilgamlnalFnlge,m 
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Tfrmmgft  Test  for  Glnoose,  841 
TnbercaloBis,  Spatnm  in,  668 

Bacillus  of,  675 

(M0  oZw  Phthisis) 

Tumoois  and  Palpation,  59 
Tuning  Fork  Toh^  451 
Tympanitic  Resonance,  136 
Typhoid  Bacillus,  579 

Facies,  80 

Tyrosin  Deposit^  868 

Vffelmawn?*  Reagent,  694 
Ulceration  of  SIdn,  885 
Umbilicus,  68,  61 
Uranium  Solution,  595 
Urates  (see  aUo  Ammonia) 
• —  Amorphous  Deposit^  866 

of  Sodium,  866 

in  Urine,  805 

Urea,  815,  556 

Ureoiiieters,  816 

Uric  Acid,  806,  820 

— —  — —  De|K)8it,  864 

Quantitative   Bstiroation 

of,821 

Tests  for,  821 

Urinary  System,  9, 15 

Urine,  Albumin  and  Globulin  in,  826 

Albumoses  iii«882 

Bacteria  in,  678 

Bile  in,  868 

Blood  m,  886 

Casts  in,  876 

Chlorides  in,  M 

Colour  of,  298 

Density  of,  802 

Deposits  in,  804-806 

— — Bxamination  of,  864 

Diazo  Reaction  in,  861 

Drugs  in,  862 

Bxamination  of,  295,  807-880, 

572 

Foreign  Bodies  in,  881 

•—  Indogens  in,  857 

Nitrogenous  Constituents,  818 

Odour  of,  802 

Oxalates  in,  806, 818 

Parasites  in,  879 

Phosphates  in,  801,  806 

Proteids  in,  826 

Pus  in,  856 

Quantitative  Estimation  of,808 

Quantity  passed,  296-298 

Reaction  of.  807 

Secretion  of,  297 

Soli»l8  in,  804 

" Specific  Gravity  of^  808 

■ Sugars,  889 

- —  Sulphates  in,  811 


Urine,  Tests  for,  694 

Urates  in,  805 

Urea  in,  816,  820 

Xanthin  Bases  in,  824 

Urinometer,  802 
Urobilin,299 

Uterus,  Diseases  of,  and  Heart  Mur* 
murs,  158 

Vagus  Nerves,  458 

Van  Ermengen'M  Solution,  601 

Vanillin  and  Phloroglucin  Solution, 

594 
Veins,  Conspicuous,  118 

of  Neck,  Pulsation  of,  194 

Pulsation  of,  194 

Ventricles  (see  Heart) 
Vertebral  Column  (tee  Spine) 
Vertigo,  452 
Vesicles  of  Skin,  884 
Vesicular  Breathing,  268,  298 
Vibration  («ee  Percussion) 
Vibration  of  Chest,  268 
Vision,  Acuity  of,  424 

Disorders  of,  481 

Field  of,  425 

Vocal  Cords,  Paralysis  of,  626 
Voice,  86,  40 

Fremitus  of,  254 

Pitch  of,  254 

Vomit,  Characters  of,  90 

Microscopical  Examination  o^ 

91 
Vomiting,  7 

Walking  (see  Gait) 
"Water-hammer"  Pulse,  198 
"  Waterwheel"  Sound,  171 
Weight,  Sense  of,  471 
Weights  and  Measures,  592 
Wernicke's   Hemiopic   Pupil     Re 

action,  442 
Wheals,  384 
Whooping-cough,  89 
WiddPs  Test,  580 
Worms  (see  Parasites) 
WHgMe  Method,  681 
Wrist,!  Position  of,  and  the  Sphygt 

mometer,  180 
Wrist-drop,  469 
— ^—  ierk  ^82 
Wyuie's '' Extra-Auscultation,"  86 

Xanthin  Bases  in  Urine,  824 
r  Deposit,  868 

Teast  Fungi,  91 

Ziehl^Neawi^  Stain,  699 
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MANUALS    FOR 

Students  and  Practitioners 

of  Medicine 

Published  by  CASSELL  Jn  COMPANY. 


Important  New  Series  of  Medical 
Textbooks  on  Modern  Methods 
of  Treatment. 

The  literature  dealing  with  modern  methods  of 
treatment  is  already  considerable,  but  it  is  scattered 
through  a  number  of  periodicals,  British  and  foreign, 
and  it  is  thus  to  a  large  extent  inaccessible  to  the 
general  body  of  the  medical  profession.  This  Series 
will  consist  of  monographs,  in  which  all  the  available 
evidence  will  be  critically  reviewed  by  writers  whose 
practical  experience  enables  them  to  form  a  judicial 
estimate  of  the  value  of  the  methods  described. 
Among  the  works  in  preparation  are  volumes  de- 
voted to  treatment  by  serum  of  various  kinds,  by 
animal  extracts,  by  light  and  X-rays,  by  hot  air, 
and  the  open  air  treatment  of  consumption.  The 
first  volume  is 

Serums,  Vaccines,  and  Toxines  in 

Treatment    and    Diag^nosis.      By  wm.    Cecil 

Bosano^uet,    M.A.,  M.D.Oxon.,   F.R.CP.Lond.,   Physician   to 
Out-Patients,  Victoria  Hospital  for  Children,  London.     7».  6'<f . 

Other  Volumes  in  Preparatiovx- 


Himrub  for  StnttsnU  and  Praatltloiiera  of  Hedlolne  [cenid. ). 

A   Manual    of  Operative    Surgery. 

By  an  FredeilDk  TreTBi,  Bart..  E  O.V.O.,  O.B.,  F.IC0.S.,1I>.I>. 

Reviled  by  ths  Auihorand  Jonathan  HTttchlllBOn,  JUIL,  F.K.aS., 
Surgeon  lo  rhe  LandoD  Hosoitfll,  Eitaniiner  in  Sur£diT  Boynl  Aimy 


A  Manual  of  Medical  Treatment  or 

J  Too,  ILD., 


1 
{ 


Surgical  Diseases  of  the  Kidney  and 

Ureter.     By  Heszy  MorrlB,  K.A-.  M.B.  Lond,.  F.B.O.B. 
Chaitttion  of  Ihe  Court  of  Examiners  and  reqently  a  VicE-Presldfql  of 

H^ispiull' &c.    ^Ih  »  SS^'  PlueTand^numorout  Engravinpt 


Uoshles; 


'^^^^is^Lri'u^. 


Tumours,  Innocent  and  Malignant : 

Their  Clinical  Characters  and  Appropriate 
Treatment.     By  j.  Blaud-Sntton,  F.E.O.S.,  Sutgeou  to 

Ihc  Cbeliea  Hospital  for  Women,  etc.    Willi  jn  Engranngi.    HI: 


I  olU  tank  UJili  an 


The  Therapeutics  of  Mineral  Springs 

and    Climates.      By  i.  Bumey  7eo,  u.D..  f.r.c.p. 


Tropical  Diseases,    a  Man 


Mannals  for  StndentB  and  Praotltion«n  of  Medicine  (cofttd,). 


Diseases  of  the  Skin.  An  Outlme  of  the  Prin- 
ciples and  Practice  of  Dermatology.  By  MalCOlm  MoXTiS, 
formerly  Surgeon  to  the  Skin  Department,  St.  Mary's  Hospital, 
London.  With  Two  Coloured  Plates,  36  Plain  Plates,  and  Numerous 
Illustrations.    108,  6d,  net. 

Surgical     Applied     Anatomy.       By 

Sir  Frederick  Treves.  Bart.,  K.C.V.O.,  C.B.,F.R.C.S.,  LL.D:, 
assisted  by  Arthur  Keith,  M.D.,  F.R.C.S.  With  80  Illustrations. 
98, 

Oral  Sepsis  as  a  Cause  of  Disease. 

By  W.  Hunter.  M.D.,  F.R.C.P.    38.  6d. 

Intestinal  Obstruction,  its  varieties,  with  their 

Pathology,  Diagnosis,  and  Treatment.  By  Sir  Frederick  TreveS, 
Bart.,  K.C.V.O.,  C.B.,  F.R.C.S.,  IL.D.    Illustrated.    2l8, 

Orthopaedic  Surgery,      a  Textbook  of  the  Pathology 

and  Treatment  of  Deformities.  By  J.  JackSOn  Clarke,  M.B.  Loud., 
F.R.C.S.    With 309  Illustrations.    His, 

Medical    Diseases    of    Infancy    and 

Cllildliood.      By  Dawson  Williams,  M.D.  Lond.,  Fellow 

of  the  Royal  College  of  Physicians  of  London,  and  of  University 
College,  London ;  Consulting  Physician  to  the  East  London  Hospital 
for  Children,  Shadwell.  With  18  Full-page  Plates  and  numerous 
Illustrations.     lOs*  6d. 

Diseases  of  Women,    a  cunicai  Guide  to  their 

Diagnosis  and  Treatment.  By  Georgo  Emest  Herman,  M.B.  Lond., 

F.R.C.P.,  Senior  Obstetric  Physician  to,  and  Lecturer  on  Midwifery 
at,  the  London  Hospital ;  Examiner  in  Midwifery  to  the  University 
of  Cambridge  and  the  Royal  College  of  Physicians,  &c.  &c.  With 
upwards  of  250  Illustrations.    Price  ^G8» 

Ringworm.  in  the  Light  of  Recent  Research.  Pathology- 
Treatment— Prophylaxis.  By  Malcolm  Morris,  Surgeon  to  the 
Skin  Department,  St.  Mary's  Hospital,  Loudon.  With  22  Micro- 
photographs  and  a  Coloured  Plate.     7«.  6d, 

A  System  of  Surgery.    Edited  by  sir  Frederick 

Treves,  Bart.,K.C.V.O.,  C.B.,F.R.C.S.,  LL.D.  ,'S'f5'^«^^,^if«^^'^- 

Each    Vol.    contains   Two    Coloured   Plates  and   Several    Hundr^^ 
Original  Woodcut  Illustrations  by  Charles  Berjeau,  F.L.i5-> 
others.     Complete  in  two  volumes,  price  488, 


MbhiuIb  for  StDdeuta  and  Pr&ctltlooen  of  Medicine  {confd.). 


Diseases  of  the  Joints  and  Spine. 

„       ^ Professor    of   Eurgeil'    in    the 

anil  Rnisid  EUitim.    With 


By,  Howard  ^Uanli,   F.B.C.B..  : 


Surgical    Diseases    of    the    Ovaries 

and    Fallopian     Tube^,    including     Tubal 

Preg;nancy.       By  J.  Bland-Button,  F.K.C.S.,  SurRCon  to 


Difficult     Labour.        a  G^d=  .o  its  Maniie«n«nl.    For 

Students  asi  Pruciitioncii.  By  Q.  Emeet  Barman,  Itt.B.  lOBd., 
F.B.O.F.,  Senior  Ohsieirii:  Physician  lo  ibe  London  Hospital,  &c. 
With  I6s  lllnstnlions.     Ncm  latd  Rroiad  Ediliim.     1*1.  Sd. 

On    the    Origin    and    Progress    of 

Renal  Surgery,  with  Sp«Hai  Rcfer=n«  to  ston=  i.i  the 


.,  U.B.   Lond..  F3.C.B.,  Chairouul   oT  Ihs 


Surgical   Diseases  of    Children,     b; 

Edmund  Owen.  M.B..  F.R.C.-B,,  Consulting  Surgwn  to  Iht  Hofpiui 
for  Sick  Cnililtcr,  Gteat  Orma.id  Street;  Surgeon  lo  St.  Mary's 
Hospital,    &c    fie.        With  5  Chrorao   Plates  and    mo    Edgnkvingt  1 

Diseases  of  the  Tongue.     By  h.  t.  Bnuin. 

F.Il.C.8.,  D.C.L.,  Consulting  Surgeon  and  Leclon^  on  Clinics! 
SurgetJ  to  St.  Blirtholoinew'5  Hospital,  nnd  Walter  fl.  BBMCer, 
U.S.,  H.B.  Land.,  F.R.O.S.,  Surgnn  to  We>tiniu:,i«  Hos-pital, 


The  Rectum  and  Anus,  Their  Dis 

eases   and   Treatment.      %  Bir  Cbarlea  B.  Ball, 

Hon.  M.ClL  Dublin,  F.B.C.S.I..  St  .  Sur£er,n  nnd  c'  *    ■  ~      ' 


Manuals  for  Stndents  and  Praotitionen  of  Medicine  {contd*). 


Diseases  of  the  Breast.    By  Tuomas  Bryant, 

F.R.C.S.,  &c.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  Guy's 
Hospital.     With  8  Chromo  Plates  and  numerous  Engravings.    98, 

Syphilis.      By   Jonathan  HutcUnson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Ro3ral 
London  Ophths^ic  Hospital.  IT^th  8  Chromo  Plates.  Sgz'enth 
Tkousand.    9s, 

Insanity   and    Allied    Neuroses.     By 

George  H.  Savage,  M.D.,  Lecturer  CD  Mental  Diseases  at  Guy's 
Hospiul,  &c.    Wph  19  Illustrations.     Ei^^hth  Thousand.    98, 

Clinical     Methods  :        a  Guide  to  the  Practical  Study 

of  Medicine  By  Robert  HutOhlSOn.  M.D.,  F.R.C.P.,  Assistant 
Physician  to  the  London  Hospital,  &c.,  and  Eteirry  Rainy,  M.A.| 
F.R.C.P.  Ed.,  F.R.S.E.,  formerly  University  Tutor  in  Clinical 
Medicine,  Koyal  Infirmary,  Edinburgh.  With  8  Coloured  Plates 
and  upwards  of  150  Illustrations.  New  and  Enlarged  Edition, 
108,  dd. 


Ophthalmic  Surgery.      By  R.  BrudeneU  carter, 

F.R.C.S.,  Consulting  Ophthalmic  Surgeon  to,  and  Lecturer  on 
Ophthalmic  Surgery  at,  St.  George's  Hospital;  and  W.  AdamS 
Frost,  F.R.C.S.,  Assistant  Ophthalmic  Surgeon  to,  and  Joint 
Leaurer  on  Ophthalmic  Surgery  at,  St.  George's  Hospital.  With 
Chromo  Frontispiece  and  91  Engravings.    Second  Edition.    98, 

Gout,  Its  Pathology  and  Treatment. 

By  Arthur  P.  Luff,  M.D.  Lond,  B.Sc..  F.R.C.P.,  Physician  in 
Charge  of  Out-Patients  and  Lecturer  on  Forensic  Medicine  at  St. 
Mary's  Hospital.     Crown  8vo,  256  pages,  Ss, 

"Dr.  Luff  is  well  known  to  possess  a  thorough  knowledge  of  chemical  science,  and 
to  be  an  able  investigator  of  chemical  phenomena.  The  work  under  rev.ew  bears  testi- 
mony to  this,  containing  as  it  rloes  a  most  excellent  account  of  the  condit  ons  which  give 
rise  to  gout,  together  with  the  means  to  be  resorted  to  in  order  to  prevent  or  to  alleviate 
its  paroxysms." — Medical  Chronicle. 

Diseases  of  the  Ear.     By  a.  Marmaduke  SheUd. 

M.B.  Cantab.,  F.R.C.S.  Eng.,  &c.  With  4  Coloured  Plates  and 
34  Woodcut  Illustrations.     20«*  o<f. 


Food    in    Health    and    Disease,     ^v 

I.  Bumey  YeO,  M.D.,  F.R.C.P.,  Professor  of  iVx't  ^xvcvcix^X^^  ^6s.^ 
Practice  of  Medicine  in  King's  College.     10».  tfA- 
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Students  of  Medicine 

Published  by  CASSELL  <&  COMPAN  V. 


Elements  of  Histology.     By  e.  mem,  m.d., 

F.R.S.,  Lecturer  on  General  Anatomy  and  Physiology  in  the 
Medical  School  of  St.  Bartholomew's  Hospital,  London ;  and  J.  S. 
EdMnS,  M.A.,  M.B.,  Joint  Lecturer  and  Demonstrator  of  Physio- 
lo^  in  the  Medical  School  of  St.  Bartholomew's  Hospital,  London. 
Revised  cmd  Enlarged  Edition^  with  396  Illustrations.     7«.  tfd. 

A  work  which  must  of  necessity  rty«nwnmw^  a  unhrersal  success.    It  is  Just  exactly 
what  has  long  been  a  desideratum  among  students."^Jf«Mea/  Prtss  and  Circular, 

Hygiene    and    Public   Health.     By  b. 

Arthur  Whitelegge,  C.R,  M.D.,  B.Sc.  Lond.,  D.F.H.  Camb., 
H  M.  Chief  Inspectcr  of  Factories.  With  23  Illustrations.  Eig^hth 
Thousand,     7s.  6d, 

"It  is  in  erery  way  perfectly  reliable,  and  in  accordance  with  the  most  recent ly 
acquired  Imowledge."— iffrMrA  MttUcat  youmal 

Clinical  Chemistry.    By ciiaries H.Raife, m.d., 

F.R.G.P.,  Physician  at  the  London  Hospital.  With  16  Illus- 
trations.   S». 

Elements    of    Surgical    Pathology. 

By  A.  J.  Pepper,  M.S,,  M.B.,  F.B.C.S.,  Surgeon  and  Teacher  of 
PractictI  Surgery  at  St.  Mary's  HospitaL  Illustrated  with  99  £n- 
gnravings.     Fourth  Edition^  rewritten  and  enlarged.     Hs*  6(i. 

Elements  of  Human  Physiology.    By 

Henry  Power,  M.B,  (Lond.),  F.R.C.S..  Professor  of  Physiology, 
Royal  Veterinary  College.  With  83  Engravings  and  Coloured 
Plate  of  Spectra.     7«.  6rf. 

Materia  Medica  and  Therapeutics. 

An  Introduct'on  to  the  Rational  Treato  ent  of  Disease.  By  J, 
Mitchell  Bruce,  M.A.,  M.D.,  LL.D.,  F.R.C.P.,  Physician  and 
Lecturer  on  Clinical  Medicine  at  Charing  Cross  Hospital.     7»«  6<t. 

"  We  w^ome  its  appearance  with  much  pleasure,  and  teei  sum  that  it  will  be 
received  on  all  sides  with  that  favour  which  it  richly  deserves."-  British  Medical 
youmak 

A  Manual  of  Chemistry  :     inorganic  and 

Organic,  with  an  Introduction  to  the  Study  of  Chemistry.  For  the 
Use  of  Students  of  Medicine.     By  Artliur  P.  Luff,  M.D.,   B.Bo. 

Lond.,  F.R.C.P. ;  and  Frederic  James  M.  Page,  B.Sc.  Lond.. 
F.LC.    With  40  Iliustrationii.    7m,  6'<t.  ' 


Manuals  for  Students  of  Medicine  {continued). 


Elements  of  Surgical  Diagnosis :   A 

Manual  for  the  Wards.     By  a.  Fearce  Gould, 

M.S.,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at 
the  Middlesex  Hospital,  &c     New  and  Enlarged  Edition.    98» 

Comparative  Anatomy  and  Physio- 
logy. By  F.  Jeffrey  Bell,  M.A.,  Emeritus  Professor  of  Com- 
parative Anatomy  at  King's  College.    With  229  Engravings.  7»»  0d. 

The  Elements  of  Physiological  Phy- 

SICS.  An  Outline  of  the  Elementary  Ficts,  Piiaciples,  and 
Methods  of  Physics  and  their  Application  in  Physiology.  By  J. 
Mc6reg:or- Robertson,  M.A.,  M.B.,  &c.  &c.,  formerly  Lecturer 
on  Physiology,    University  of  Glasgow.     With  2x9    Illustrations. 

First  Lines  in  Midwifery,     a  Guide  to 

Attendance  on  Natural  Labour.  By  O.  E.  Herman,  M.B.  Lond., 
F.R.C.F.,  Senior  Obstetric  Physician  and  Lecturer  on  Midwifery, 
London  Hospital,  &c.    With  81  Illustrations.    5s. 

Manual  of  Military  Ophthalmology. 

For  the  Use  of  Medical  Officers  of  the  Home,  Indian,  and  Colonial 
Services.  By  M.  T.  Yarr,  F.R.C.S.I.i  Major  Royal  Army  Medical 
Corps  ;  Fellow^  Medical  Society  of  London.  With  numerous  Illus- 
trations and  Diagrams.     6tf. 

The  Student's  Handbook  of  Surgical 

Operations.     By  sir  Frederick  Treves,  Bart.,  K.C.V.O., 

C.B.,  F.R.C.S.,  LL.D.    With  94  Illustrations.     Eleventh  TAausand. 

Clinical  Papers  on  Surgical  Subjects. 

By  Herbert  W.  Fa«e,  M.A.,  M.C.  Cantab.,  F.R.C.&  Exig.t 

Senior  Surgeon  to  St.  Mary's  Hospital,  and  Lecturer  on  Clinical 
Surgery  at  its  Medical  School,  &c.  &c.    Ss, 

The  Cerebro- Spinal  Fluid:  its  spontaneous 

Escape  from  the  Nose.     By  St.  Clair  ThomSOn,  M.D.,  fto.    Sa. 

A  Guide   to   the    Instruments  and 

Appliances  Required  in  Various  Operations. 

By  A.  W.  Mayo  Bobson.  F.B.C.S.    la,  «rf.,  or  ^loas.^w*^^'^-'**-* 


I 


Nuraiog  Handbooks,  &c. 

Medical  Handbook  of  Life  Assurance. 

By  James  Edward  PoUook,  M.D.,  F.B.C.P.,  and  James  Chis- 

hOlm  (Fellow  of  the   Institute  of  Actuaries,  London).      Fourth 
Edition,      7s.  6d, 

Incompatibility    and    Some    of    its 

Lessons.       By  waiter  G.  Smith,  M.D.,  Ex-President  Royal 
College  of  Physicians,  Ireland,  &c.     Is, 

En^rged  Series,  in  Monthly  Parts,  price  2s,  net,  of  the 

Annals   of  Surgery.        a  MontWy  Review  of  Surgical 

Science  and  Practice.     Edited  by  W.  H.  A.   Jacobson,  M.Cll. 
(of  London);  L.  S.  PUclier,  A.M.,  M.D.  (of  Brooklyn,  U.S.A.); 

William  MacEwen,  M.D.  (of  Glasgow) ;  J.  William  White,  M.D. 

(of  Philadelphia    U.S.A.).    A  subscription  of  ^4«.,  paid  in  advance, 
will  secure  the  journal  being  sent  post  free  for  one  year. 

The   Tale  of  a  Field  Hospital.      By 

Sir  Frederick  Treyes,  Bart.,  K.C.V.O.,  C.K,  F.R.C.S.,  LL.D. 
With  14  Illustrations.    Cloth,  <5«.;  leather,  6«. 

Cookery  for  Common  Ailments.     By 

A  Fellow  Of  the  Royal  College  of  Physicians,  and  Phyllis 
Browne.    Limp  cloth,   is. 

Handbook  of  Nursing  or  the  Home 


and  for  the 


; 


Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of 
the  Hospital  for  Sick  Children,  Great  Ormond  Street.  Twenty- 
first  Thousand.    Is.  6d,  ;  cloth,  2s, 

The  Practical  Nursing   of   Infants 

and  Children.    By  Frank  Cole  Madden,  M.B.,  B.S.  Melb. , 

F.R.C.S.    288  pp.,  crown  8vo.    3s.  6d. 

1 

!       Advice  to  Women  on  the  Care  of 

I  their   Health,    Before,  During:,  and    After 

I  Confinement.     By  Florence  stacpooie,  Dipiom^e  of 

!  the    London    Obstetrical  Society,   etc.  etc.     New  and  Enlarged 

Edition,  2s, 

Our  Sick  and  How  to  Take  Care  of 
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